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a 1.0 Introduction 

2 In 1993, Naval Base (NAVBASE) Charleston was added to the list of bases scheduled for 

3 closure as part of the Defense Base Realignment and Closure Act (BRAC), which regulates 

4 closure and transition of property to the community. The Charleston Naval Complex (CNC) 

5 was formed as a result of the dis-establishment of the Charleston Naval Shipyard and 

6 NAVBASE on April 1,1996. 

7 Corrective Action (CA) activities are being conducted under the Resource Conservation and 

8 Recovery Act (RCICA) with the South Carolina Department of Health and Environmental 

9 Control (SCDHEC) as the lead agency for CA activities at the CNC. All RCRA CA activities 

10 are performed in accordance with the Final Permit (Permit No. SCO 170 022 560). In April 

11 2000, CH2M-Jones was awarded a contract to provide environmental investigation and 

12 remediation services at the CNC. 

RCRA Facility Investigation (RFT) activities were initially conducted by the Navy/EnSafe 

Inc. (Ensafe) team. The Zone F RCRA Facility investigation (RFI) Report, Revision 0, submitted 

to SCDHEC for review on December 31,1997, provided a summary of these activities. The 

addendum to the RFI report (RFIRA) and a Corrective Measures Study Work Plan 

(CMSWP) were subsequently prepared by CH2M-Jones for Areas of Concern (AOCs) 613 

and 615 and Solid Waste Management Unit (SWMU) 175 in Zone F of the CNC to complete 

the KFI process and initiate the Corrective Measures Study (CMS) process (please see R F I  

Report Addendum and CMS Work Plan, AOC 613/AOC 615/SWMU 175, Revision 0 [CHZM- 

Jones, 2002al). Comments prepared by reviewers at the U.S. Environmental Protection 

Agency (EPA) dated May 20,2002 regarding the Revision 0 RFIRA/CMSWP report were 

received and responded to by issuance of a Revision 1 RFIRA/CMSWP on June 6,2002. 

Approval of the revised RFIKA/CMSWP was received on October 25,2002. Figure 1-1 

illustrates the locations of AOC 613, AOC 615, and SWMU 175 within Zone F at CNC. 

Figure 1-2 presents the site layout of AOC 613. 

27 The RFIRA/CMSWP presented the remedial action objectives (RAOs) and media cleanup 

28 standards (MCSs) proposed for AOC 613. This report also recommended No Further Action 

29 (NFA) for AOC 615 and SWMU 375. This CMS report has been prepared by CH2M-Jones to 

30 complete the next stage of the CMS process for AOC 613. 
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1 Trichloroethene (TCE): 1,500 pg/L 

2 1,2-Dichloroethene (1.2-DCE): 1,700 pg/L 

3 Vinyl chloride: 38 pg/L 

4 The reported concentrations indicated the presence of a potential source area. Of the other 

5 groundwater DPT samples surrounding F613GP039, no CVOCs were detected, with the 

6 exception of 1,2-DCE at an estimated concentration of 3 pg/L. Groundwater monitoring 

7 well F613GW004 was then installed 26 ft from F613GP039. Analyses from groundwater 

8 samples collected from that monitoring well between November 12,1996 and June 22,2001 

9 were reported in the AOC 613/AOC 615/SWMU 175 RFIWCMSWP. The maximum CVOC 

10 concentrations reported from F613GW004 were: 

11 PCE:3pg/L 

12 TCE:4flg/L 

13 1.2-DCE: 84.5 pg/L 

14 Vinyl chloride: 10.8 pg/L 

15 These concentrations are not indicative of an adjacent CVOC non-aqueous phase liquid 

16 (NAPL) source, and indicate that the potentially impacted aquifer is relatively limited in 

17 size Because vinyl chloride and 1.2-DCE were reported above maximum contaminant levels 

18 (MCLs) in monitoring well F613GW004, and PCE, TCE, 1,2-DCE, and vinyl chloride were 

19 reported at eIevated concentrations in the screening sample F613SP039, these CVOCs were 

20 identified as COCs in the AOC 613/AOC 615/SWMU 175 RFIRA/CMSWP. Appendix B 

21 presents summary tables from the RFIRA/CMSWP of CVOCs detected in groundwater and 

22 figures showing their locations. 

23 The AOC 623/AOC 615/S WMU 175 RFIRA/CMS WP also identified methylene chloride as a 

24 potential COC in groundwater, on the basis of a single reported concentration of 83 pg/L in 

25 a monitoring well north of AOC 613. This CMS report will further evaluate methylene 

26 chloride in groundwater in the vicinity of monitoring well FGELGW014 and determine 

27 what remedial action is needed for that compound. 

28 1.2.5 CMS Work Plan Summary 
29 The CMS Work Plan (CMSWP) for AOC 613 identified PCE, TCE, 1.2-DCE, and vinyl 

30 chloride as COCs in shallow groundwater. The RAOs identified in the CMSWP are to 

31 prevent ingestion and direct/dermal contact with groundwater having unacceptable 

32 
carcinogenic or noncarcinogenic risk, and to restore the aquifer to beneficial use. The 
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1 .I Corrective Measures Study Report Purpose and Scope 
This CMS evaluates CA alternatives for chlorinated solvents present in the groundwater at 

AOC 613, and develops the basis for selection of the alternatives. In addition, this CMS 

report presents the results of additional characterization of the chlorinated solvents in 

groundwater as identified in the Phase I Interim Measure (IM) Work Plan - Source Delination 

Sampling and Analysis Plan (SAP), AOC 613, Zone F, Revision 0 (CH2M-Jones, 2002~). 

This CMS report consists of: 1) the identification of a set of corrective measure alternatives 

that are considered to be technically appropriate for addressing groundwater impacted by 

chlorinated volatile organic compounds (CVOCs); 2) an evaluation of the alternatives using 

standard criteria from U.S. Environmental Protection Agency (EPA) RCRA guidance; and 3) 

the selection of a recommended (preferred) corrective measure alternative for the site. 

1.2 Background Information 
This section of the Ch/lS report presents background information on the facility, site history, 

and a summary of the nature and extent of the chemicals of concern (COCs) at the site. This 

information is essential to the understanding of the remedial goal options (RGOs), MCSs, 

and ultimately the evaluation of corrective measure alternatives for AOC 613. Additional 

information on the site and hydrogeology in the Zone F area of the CNC is provided in the 

Zone F RFI Report, Revision 0 (EnSafe, 1997), and site-specific background information is also 

presented in the RFIRA/CMSWP issued by CH2M-Jones. 

1.2.1 Facility Description 
AOC 613 is the site of the former Building 1169, the Locomotive Repair Shop, which is 

located east of Hobson Avenue at the current location of Building 242. Building 242, 

constructed in the 1980s, is currently used by the Charleston Public Works (CPW) as a 

vehicle maintenance facility. Northeast of the former Building 1169 was a former open-air 

machine shop, which occupied the current location of Building 255. Building 255 was also 

constructed in the 1980s as the Navy Logistics Center, and has been transferred to the 

Warren Lasch Conservation Center. Building 255 currently operates as a conservatory for 

historic artifacts, along with laboratory and other research operations. 

The area surrounding both Buildings 242 and 255 is paved with asphaltic concrete. The 

CNC Reuse Plan identifies this area for industrial land use. The City of North Charleston 

zoning for this site is M-1, for light marine industrial land use. 



CORRECTlVE MEASURES STUDY REPORT. AOC 613, ZONE F 
CHAftlESTON NAVAL COMPLEX 

REVISION D 
FEBRUARY 2003 

1.2.2 Site History 
AOC 613 (Locomotive Repair Shop) operated from the 1930s until 1985, when Building 1169 

was demolished. Maintenance activities included changing oil, repairing hydraulic systems, 

and equipment overhaul. Materials potentially released included oil, grease, diesel fuel, and 

cleaning solvents. The structure was demolished in the late 1980s and replaced with 

Building 242, an automotive maintenance facility operated by the Navy until 1996. The 

facility is currently operated underthe same function by the CPW. 

An underground storage tank (UST) was located between Buildings 242 and 255, receiving 

waste oil from Building 242 operations. This UST was removed in 1997, and the area 

surrounding the UST was subsequently identified as UST Site 22 by SCDHEC after a release 

was discovered from the UST piping. The Rapid Assessment Reportfor Site 22, Building 242 

(Tetra Tech NUS ['ITNUS], 2000) describes the site evaluation. A copy of this report may be 

found as an appendix to the AOC 613/615/175 RFfRA/CMSWP issued by CHZM-Jones. 

Groundwater contaminants associated with the UST are benzene and methyl tert butyl 

ethylene (MTBE). Intrinsic bioremediation/natural attenuation was monitored at Site 22 in 

accordance with the Sampling and Analysis Plan for Zone F/Site 22 - Building 242, (CH2M- 

Jones, 2000). Results of the monitoring indicate that intrinsic bioremediation is occurring 

and benzene and MTBE levels have been reduced to below site-specific target levels. This 

site is being considered for NFA under the UST program. 

1.2.3 Site Geology and Hydrogeology 
The site geology consists of a series of Quaternary interbedded silty sands and clays, to a 

depth varying in thickness from 20 to 40 feet below land surface (ft bls) in the general AOC 

613 area. The sands and clays contain an unconfined (water table) aquifer system that 

overlies the Tertiary Ashley Formation. The Ashley Formation is comprised of silts and 

clays and acts as an aquiclude for the water table aquifer. 

A continuous sample soil core was collected as part of the Phase I IM to identify permeable 

lenses in the Quaternary soils. The core was sampled in the vicinity of the former direct- 

push technology (DPT) sample F613GP039- The log of the core sample is presented in 

Appendix A of this report. This core compares favorably to logs of geotechnical borings 

drilled and sampled for structural design of the adjacent Building 255 foundations. The core 

identified very thin slightly permeable (sandy) zones at 11.4 to 11.5 f t  bls and a moderately 

water-bearing silty sand at 20 to 23 ft bls. The Ashley Formation was encountered at 24 ft bls 

at the core location. No odors or visible signs of solvents were identified in the core soil. 
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The potentiornetric surface of the shallow groundwater at the site measured December 31, 

2001, is presented in Figure 1-3. The flow direction appeared to be governed by a 

groundwater mound located southwest of AOC 613, a shallow trough trending north-south 

through AOC 613, and a groundwater sink between Buildings 241 and 1172. 

During the summer of 2002, the CPW relined the sewers within the AOC 613 area. The 

potentiometic surface of the shallow groundwater in the area was again measured October 

3,2002. The resdting groundwater surface is presented in Figure 1-4. As a result of the 

sewer maintenance, the groundwater flow direction at AOC 613 in October 2002 was 

primarily in an east to northeasterly direction, toward the Cooper River. 

1.2.4 RFI Sampling and COC Summary 
For the Rm at AOC 613/AOC 615/SWMU 175, several sampling events were conducted. In 

1996,65 locations were sampled on approximate 50-ft centers, using DPT equipment. Soil 

was sampled from 0 to 4 ft below the pavement; DPT groundwater sample depths are 

unknown. In general, the screening samples were analyzed for volatile organic compounds 

(VOCs), semivolatile organic compounds (SVOCs), and metals. DPT sampling locations for 

the AOC 613/AOC 61.5 /SWMU 175 RFI are shown in Figure 1-5. 

The second phase of sampling was based on the results of the DPT samples. Nine 

groundwater monitoring wells were installed at the site, and existing monitoring we& were 

used to further characterize the site groundwater. Figure 1-6 presents the groundwater 

monitoring wells used to characterize groundwater at AOC 613. Soil samples were collected 

at more discrete depth intervals than the screening phase, and analyzed for speclfic 

chemicals of potential concern (COPCs) identified from the screening survey. In addition, 

soil and groundwater samples were collected in the AOC 613/AOC 615/SWMU 175 

investigated area along sewer and railroad Lines for the Zone L investigation of AOCs 504, 

699, and SMWU 37 (see Figure 1-7). All of these data were used to evaluate the name and 

extent of contamination for the AOC 613/AOC 615/S WMU 175 RFIRA/CMSWP. 

Generally, the site was found to have relatively lunited contamination. No surface or 

subsurface soil COCs were identified. Several CVOCs were identified as COCs in 

groundwater in a Iimited portion of the site, as described below. 

In DPT groundwater sample F613GP039, located on the southwest side of Building 255, the 

following concentrations of chlorinated solvents were reported: 

Tetrachloroethene (PCE): 1,900 (micrograms per liter [pg/Lj) 
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1 proposed M C S  for the C V K k  were the National Primary Drinilng Water Regulations 

2 MCLs for each chemical. 

3 Because of the limited areal extent of the CVOC-impacted groundwater, the CMSWP 

4 proposed assessing a limited set of potential corrective measures including land use controls 

5 (LUCs), monitored natural attenuation M A ) ,  enhanced biodegradation, and source area 

6 treatment. 

7 In addition, the CMSWP proposed that prior to evaluating the potential corrective 

8 measures, a focused groundwater quality assessment in the target AOC be conducted to 

9 better refine the understanding of the CVOC concentrations in groundwater and horizontal 

10 extent of the elevated concentration area. The resampling of nearby wells was also 

11 proposed. 

12 1.3 Report Organization 
13 This CMS report consists of the following sections, including this introductory section: 

14 1.0 Introduction - Presents the purpose of and scope of and background information 

15 relating to this CMS report. 

16 2.0 Summary of Phase I IM and Additional Sampling at AOC 613 -Describes the Phase I 

17 IM and summarizes pertinent data collected after completion of the AOC 613/AOC 

18 675/S WMU 175 RFIRAJCMS WP (CH2M-Jones, 2002a). 

19 3.0 Remedial Goal Options and Evaluation Criteria - Defines the RGOs for AOC 613 and 

20 the criteria used in evaluating the corrective measure alternatives for the site. 

21 4.0 Description of Candidate Corrective Measure Alternatives - Describes each of the 

22 candidate corrective measure alternatives for addressing CVOCs in groundwater. 

23 5.0 Evaluation and Comparison of Corrective Measure Alternatives - Evaluates each 

24 alternative relative to standard criteria, then compares the alternatives and the degree to 

25 which they meet or achieve the evaluation criteria. 

26 6.0 Recommended Corrective Measure Alternative - Describes the preferred corrective 

27 measure alternative to achieve the MCSs and RGOs for CVOCs in groundwater based on a 

28 comparison of alternatives. 

e 29 7.0 References - Lists the references used in this document. 
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Appendix A contains the well installation logs for monitoring wells F613GW010 and 

F613GWOl1, and the soii core log and DPT logs for groundwater samples collected for the 

Phase I IM. 

Appendix B lists CVOC concentrations within groundwater reported in the AOC 613/AOC 

615/SWMU 175 R F I M M S  WP and figures showing the CVOC spatial distribution . 

Appendix C contains excerpts from the Rapid Assessment Repol-t for Site 22, Building 242 

( ' ITNUS,  2000), including well construction logs for monitoring wells FU22GW001 through 

EU22GW007. 

Appendix D presents data summary tables for groundwater samples collected from UST 

Site 22 monitoring wells and for the Phase I M at AOC 613. 

Appendix E contains data validation summary memoranda for the sampling events 

described in this report. 

Appendix F contains cost estimates developed for the proposed corrective measure 

alternatives. 

All tables and figures appear at the end of their respective sections. 
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2.0 Summary of Phase I Interim Measure and 
+*/ 

2 Additional Sampling at AOC 613 

This section describes groundwater data collected during the subsequent groundwater 

quality assessment that was recommended in the AOC 623/AOC 615/SWMU 275 

WIRA/CMSWP (CH2M-Jones, 2002b). This description includes data from samples collected 

using DPT discrete groundwater sampling methods, as well as data from seven monitoring 

wells installed to investigate UST Site 22, west of F613GP039. As previously described, UST 

Site 22 is the site of a former waste oil UST located between Buildings 242 and 255. The UST 

wells are labeled FU22GW001 through FU22GW007, and the locations of these wells are 

included in Figure 2-1. 

All UST Site 22 wells, with the exception of FU22GW007, were screened approximately 3 to 

13 ft bls; the latter was screened 25 to 30 ft bls. Construction logs of the UST Site 22 

monitoring wells are presented in Appendix C of this report. A brief review of the RFI data 

for 2001, along with a description of the results of the 2001 UST well sampling are described 

first, followed by the results of the DPT and subsequent well sampling. 

2.1 CVOCs in Groundwater at AOC 613 

2.1 .I 2001 Groundwater Data 
In May 2001, seven monitoring wells at UST Site 22 were sampled for VOCs, including 

CVOCs. In addition, monitoring wells installed for the Zone F RFI in the area were sampled 

for CVOCs in June 2001. Figures 2-2,2-3, and 2-4 show TCE, 1,2-DCE, and vinyl chloride 

data, respectively, from these two sampling efforts. In 2001, PCE was detected only at well 

F613GW004, at an estimated concentration of 0.35 kg/L; therefore, PCE data are not 

presented in the figures. The CVOC data from these two sampling events are also presented 

in Table 2-1. Complete data summary tables for the UST Site 22 groundwater samples 

collected in 2001 and 2002 are presented in Appendix D of this report. Data validation 

summary memoranda are presented in Appendix E. Data summary tables and data 

validation memoranda for samples from the RFI wells were presented in the AOC 613/AOC 

615/S WMU 175 RFlRq/CMS WP. 

The data show that TCE concentrations were all detected below the MCL of 5 pg/L in May 

and June of 2001.1,2-DCE concentrations (primarily composed of cis-1,2-DCE) were 
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detected as high as 85 pg/L at F613GW004, and vinyl chloride was detected as high as 14 

pg/L at FU22GW003. These data are consistent with the CVOC groundwater data presented 

in the AOC 613/AOC 615/SWMU 175 RFIWCMSWP that showed that DCE was present in 

groundwater at the hghest concentrations and that TCE and PCE concentrations were 

relatively low or not detectable. 

2.1.2 Phase I Interim Measure Work Plan 
The Phase I Interim Measure Work Plan (1MWP)-Source Delineation Sampling and Analysis Plan 

for AOC 613, Zone F (CH2M-Jones, 2002c) was issued after the WLRA/CMSWP was 

completed. The AOC 613 Phase I IM was intended to determine whether a source area of 

CVOCs was present in the vicinity of boring F613GP039. If a source area was identified, an 

IM, likely consisting of in situ groundwater treatment (for example, in situ chemical 

oxidation) would be conducted. The IMWP described sampling locations both outside and 

inside of Building 255. A row of five groundwater sample locations was planned along the 

outside wall of Building 255. Groundwater was to be sampled using a Waterloo Profiler to 

obtain three discreet depth samples at each location. Groundwater sampling was also 

planned at five locations inside Building 255, if the results from groundwater samples 

collected outside the building suggested the potential presence of a source area beneath the 

building. 

Continuous Soil Coring 
To idenhfy the optimum sampling depth, a continuous sample soil core was first collected 

in the vicinity of the former F613GP039. Soil was sampled to a depth of 28 ft in 4-ft segments 

and visually inspected for saturated and permeable zones. A log of the soil core is presented 

in Appendix A of this report. This log described a stratigraphy very similar to those 

presented in geotechnical boring logs prepared for the design of the Building 255 

foundations. The core sample idenbfied very thin slightly permeable zones at 11.4 to 11.5 ft 

and a moderately water-bearing silty sand at 20 to 23 ft bls. No odors or visible signs of 

solvents were identified in the core. 

DPT Groundwater Sampling 
Because the water-bearing zones observed in the core had low permeability, it appeared that 

the Waterloo Profiler would not have enough screen length to collect sufficient groundwater 

for a VOC analysis. Therefore, the sampling method was changed to DPT geoprobe samples 

with 4-ft screen lengths. Groundwater was to be collected at 8 to 12 ft, 14 to 17 ft, and 20 to 

24 ft bls at each of the five sample locations outside the building. After results of the 
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groundwater samples from outside the building were evaluated, sample intervals would 

then be designated for the samples to be collected from below the building. 

Groundwater samples from DPT locations F613GP069 through F613GP073 were planned 

outside the building, and F613Gf 074 through F613GP078 were contingent sampling 

locations inside the building. Phase I U1 proposed sample locations are presented in Figure 

2-5. The samples planned at the exterior of the building would be collected first to 

corroborate the 1996 groundwater probe data. The locations of the groundwater samples 

inside the building would be adjusted on the basis of the CVOC concentrations detected 

outside of the building. 

Monitoring Well Installation and Sampling 
Groundwater monitoring wells in the area were proposed for sampling for CVOCs. Two of 

the UST Site 22 monitoring wells were to be sampled, along with shallow RFI monitoring 

wells F613GW004, F613GW009, FGELGWO11, and FGELGW012. 

As described in the AOC 613/AOC 615/S WMU 175 RFIRA/CMSWP, two isolated locations, 

north and south of Building 242, had also been identified as potentially containing vinyl 

chloride concentrations above MCLs, on the basis of 1996 DPT groundwater screening 

samples. Other CVOCs were not detected above MCLs at either of these two locations. 

These areas are shown on Figure 2-6. Monitoring wells were installed at the two locations to 

verify the vinyl chloride detections. Monitoring well F613GW010 was installed near 

previous sample locations F61XP002 and F613GP008, in which vinyl chloride had been 

detected at estimated concentrations of 4 and 5 pg/L in 1996. Monitoring well F613GW011 

was installed as close as possible downgradient to previous location LF037GP037, in which 

vinyl chloride had been detected at a concent-ration of 17.1 pg/L in 1997. The well 

consbvction logs are presented in Appendix A of this document. 

2.1.3 July 2002 Groundwater Data 
In July 2002, the area around the screening sample F613GP039 was sampled for CVOCs. 

Three R H  and two UST Site 22 monitoring wells were sampled. h addition, groundwater 

from DPT samples at F613GP069 through F613GP073 was collected. The soil core log and 

DPT logs for groundwater samples collected are presented in Appendix A. At the DPT 

sample locations, attempts were made to collect groundwater at  all three sample interval 

depths described in the Phase I IMWP, however, with the exception of F613GP069, water 

was only available from the 20 to 24 ft  depth interval. At F613GP069, the depth interval 8 to 
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12 ft bls also yielded sufficient water for a sample. The lack of groundwater had been 

predicted from the core log from location F613GP070. 

Table 2-1 and Figures 2-7,2-8, and 2-9 present TCE, 12-WE, and vinyl chloride data, 

respectively, from the July 2002 sampling efforts. In July 2002, PCE was detected only at 

F613GW004, at an estimated concentration of 0.42 pg/L; therefore PCE data are not 

presented in the figures. TCE was again measured below the MCL; 1,2-DCE concentrations 

were measured as high as 75 yg/L at F613GWOO4, and vinyl chloride was measured as high 

as 10.2 pg/L at F613GW004. It should be noted that the well with the highest vinyl chloride 

content in 2001 was not sampled in the July 2002 sampling event. 

Groundwater data from the DPT samples located along Building 255 indicate trace 

concentrations of TCE and 1,2-WE; no PCE or vinyl chloride was detected. Specifically, 

F613GP070 was collected at the former location of F613GP039, and only 1,2-DCE (0.9 J pg/L) 

was identified at that location. 

DPT sampling along the edge of Building 255 did not confirm the presence of a potential 

source area for CVOCs in groundwater adjacent to or beneath Building 255. The lack of 

CVOCs detected in groundwater samples collected along the building wall indicates little 

likelihood of the presence of CVUCs in groundwater beneath the building. On the basis of 

the absence of CVOCs near the only sample location that had formerly indicated the 

possibility of a CVOC source area, it was concluded that further exploration of groundwater 

beneath and adjacent to Building 255 was not necessary. 

2.1.4 August 2002 Groundwater Data 
Monitoring wells F613GWO10 and F613GWOll were installed in the two isolated areas north 

and south of Building 242, in which vinyl chloride had been detected in 1996 and 1997. 

Groundwater samples from these wells were collected August 5,2002. Table 2-1 presents 

data from that sampling effort. Appendices D and E present data summary tables and data 

validation details for the sampling event. Figure 2-10 presents the sampling results. 

CVOCs were not detected above MCLs in the groundwater at F613GW010, north of 

Building 242, in which vinyl chloride had been previously detected at 5 pg/L. Trace 

concentrations of cis-1,2-DCE (estimated at 1.5 pg/L) and vinyl chloride (estimated at 0.7 

pg/L) were detected in the well sample. 

South of Building 242, no CVOCs were detected in F613GWOl1, located downgradient of 

the previous screening sample LF037GP037, in which vinyl chloride had been detected at 

17.1 pg/L in 1997. 
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2.1.5 October 2002 Groundwater Data 
In October 2002, groundwater at AOC 613 was sampled for CVOCs. The following wells 

were sampled for CVOCs: 

RFI monitoring wells FGELGW007, FGELGWOOS, FGELGW012, F613GW004, 

F613GW009, F613GW010, and F613GWOll 

UST Site 22 monitoring wells FU22GW001, mT22GW002, FU22GW003, mJ22GW004, 

W22GW005, FU22G W006, and FU22G WOO7 

Table 2-1 andFigures 2-11,2-12, and 2-13 present TCE, 1,2-DCE, and vinyl chloride data, 

respectively, from the October 2002 sampling efforts. In October 2002, PCE was detected 

only at FGELGW007, FU22GW004, and FU22GW006, at a maximum estimated 

concentration of 1.9 pg/L; therefore PCE data are not presented in the figures. TCE and 1,2- 

DCE concentrations were measured below their respective MCLs, and vinyl chloride was 

measured as high as 11.2 pg/L at F613GW004. 

2.1.6 CVOC Data Evaluation 
Table 2-2 presents the 2001/2002 data from wells where individual TCE, 1,2-DCE, and vinyl 

chloride concentrations exceeded 1 pg/L. Concentrations at these low levels are considered 

estimated, and are less precise than those closer to the reporting limits of 5 or 10 pg/L. A 

review of these data shows these trends: 

TCE and 1,2-DCE have consistently decreased in concentration in the groundwater, to 

below MCLs. TCE concentrations have reduced an average of 55 percent, and DCE 

concentrations an average of 45 percent. The location with the highest DCE 

concentration, F613GW004, reported a 40 pg/L reduction in the 16 months between 

measurements. 

Vinyl chloride concentrations have reduced an average of 23 percent, although the range 

of concentration reductions varied from 4 percent (virtually no change) to 60 percent. 

The location with the maximum concentrations in 2002, F613GW004, reported a 

negligible 0.4 pg/L increase in concentration over the I6 months between 

measurements, compared to a 40 pg/L reduction in 12-DCE. At FU22GW003, which 

had the highest vinyl chloride concentration in 2001, vinyl chloride reduced by 8 pg/L, 

along with a 5 pg/L reduction in DCE concentrations. This indicates that although the 

DCE is degrading to vinyl chloride, vinyl chloride is also degrading at this site. 
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Methylene Chloride in Groundwater 
As discussed in the AOC 613/AOC 615/S WMLI 175 RFIRAJCMS WP, methylene chloride was 

reported in a groundwater sample at FGELGW014 for the October 12,1999 sample, at an 

estimated concentration of 83 pg/L, compared to the EPA Region 111 tap water RBC of 4.1 

&L. It had not been detected in the six previous samples from the well, and was not 

detected in any groundwater samples from the other 19 wells at the site. 

Monitoring well FGELGWO14 was resampled for methylene chloride on July 1,2002, 

resulting in an estimated concentration of 1.9 ,ug/L. The data are presented in Appendix D 

of this report. This concentration is consistent with the previous data, with the exception of 

the sample collected on October 12,1999, and indicates that methylene chloride does not 

exist in site groundwater at concentrations in excess of health-based criteria. The detected 

concentration from the October 12,1999 sample is considered an anomaly, potentially 

caused by laboratory or field contamination. Therefore, methylene chloride is not 

considered an issue at AOC 613 and does not need remedial action or further investigation. 

2.3 Natural Attenuation Indicator Parameters 
Parameters indicative of natural attenuation and biological activity were measured in the 

groundwater in the 2002 sampling events, and the UST Site 22 monitoring wells. Alkalinity, 

methane, dissolved iron, dissolved oxygen (DO), chlorides, nitrates, and sulfates were 

analyzed on selected samples. A summary of these parameters is presented in Table 2-3. 

A review of concentrations of indicator parameters of natural attenuation in Table 2-3 show 

several important aspects regarding the hydrogeochemistry of the site. Of particular interest 

are the elevated iron concentrations in groundwater, ranging from approximately 1 to 42 

milligrams per Liter (mg/L). Such elevated iron levels are an indicator of iron-reducing 

conditions. Iron-reducing conditions have been found to be prevalent across much of the 

CNC. The data suggest that iron-reduction is most likely the predominant terminal electron 

accepting process (TEAP) in groundwater in this area. While iron-reducing conditions are 

not optimal for anaerobic dehalogenation of PCE and TCE, these conditions are favorable 

for continued biodegradation of DCE and vinyl chloride. Thus, it is expected that the 

decreases in CVOC concentrations previously observed will continue to occur at the site. 

A general trend of decreasing methane concentrations is also notable in the data, perhaps 

indicating the any residual hydrocarbons associated with the former UST site have 

degraded. Oxidation-reduction potential (ORP) also appears fairly stable, in the range of 

AOC613ZFCMSRPTREVD DOC 
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-140 to +130, with an average near -30 (slightly reducing). DO levels are low, generally less 

than 1.5, 

2.4 Conclusions and Recommendations 
2.4.1 CVOCs 
No CVOC source area in groundwater has been identified at AOC 613. Elevated CVOC 

concentrations reported from a single groundwater screening sample collected in 1996 were 

not confirmed in subsequent samples from the area. The CVOCs in the dissolved plume 

area at AOC 613, located between Buildings 242 and 255, appear to have undergone natural 

biodegradation to such an extent that PCE, TCE, and 1,2-DCE have been reduced to below 

MCLs. The vinyl chloride concentration is likewise decreasing, although at a lower rate. 

Groundwater at the two isolated areas in which vinyl chloride had been previously detected 

above its MCL, north and south of Building 242, was resimpled. Evidence of CVOCs were 

detected in the groundwater (traces of degradation products) at concentrations less than the 

MCLs, indicating that natural attenuation had occurred at these locations. The groundwater 

at these locations has concentrations within State of South C a r o h  standards, and these 

two areas are recommended for NFA. 

2.4.2 Methylene Chloride 
Data from the sixth sample collected from monitoring well FGELGW014 for the AOC 613 

RFI indicated a methylene chloride concentration of 83 pg/L, compared to the EPA Region 

III tap water RBC of 4.1 pg/L and the previous five non-detects. This well was resampled 

for the Phase I IM, resulting in an estimated methylene chloride concentration of 1.9 ,ug/L. It 

is concluded that the previous elevated concentration was an anomaly and that methylene 

chloride is not a COC at AOC 613. 

2.4.3 Natural Attenuation 
The geochemical data suggest that iron-reducing conditions are present in groundwater at 

AOC 613 in the area of interest These conditions are favorable for continued natural 

biodegradation of the CVOCs. TCE concentrations have been progressively reduced in 

groundwater to levels less than the MCL, indicating that natural attenuation is occurring. 

The prevalence of cis-1,2-DCE generally indicates reductive dechlorination of TCE (Technical 

Protocolfor Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water, 

EPA/600/R-98/128, October 1998) and cis-1,2-DCE has also been reduced to less than the 

MCL. The data suggest that significant decreases irt CVOC concentrations in groundwater 

have occurred over the past few years. It is expected that additional reductions will continue 

to naturally occur. 
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TABLE 2-1 
Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001-2002 Sampling Events) . - CMS Reporf, AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location bCb'L) Qualifier Date Collected MCLa 

PCE F613GW003 

F613GW004 

F613GW004 

F6 1 3GW004 

F613GW009 

F613GW009 

F613GW009 

F613GW010 

F613GW010 

F613GW011 

F613GW011 

FGELGWOO7 

FGELGW008 

FGELGWOI 1 

FGELGWOI 2 

FGELGWOI 2 

FGELGWOI 2 

FU22GW001 

FU22GW001 

FU22GW002 

FU22GW002 

FU22GWO02 

FU22GW003 

FU22GW003 

FU22GW004 

FU22GW004 

FU22GW005 

FU22GW005 

FU22GW006 

FU22GW006 
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TABLE 2-1 

+ 
Chloriiated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001 -2002 Sampling Events) 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

-- - - 

Sample 
Analyte Location 

Concentration 
W) Qualifier Date Collected MCL~ 

TCE 

PCE FU22GW007 

FU22GW007 

FU22GW007 

F613GP069 

(8 - 12 ft bls) 

(20 - 24 ft bls) 

F613GP070 

(20 - 24 ft bts) 

F613GP071 

(20 - 24 ft bls) 

F613GP072 

(20 - 24 ft bls) 

F613GP073 

(20 - 24 ft bls) 

F613GW003 

F613GW004 

F613GW004 

F613GW004 

F613GW009 

F613GW009 

F613GW009 

F613GW010 

F613GW010 

F613GW011 

F613GW011 

FGELGW007 

FGELGW008 

FGELGWOI 1 

FGELGWOI 2 

FGELGWOl2 

AOC61YFCMSRPTREVO DOC 
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TMLE 2-1 
Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001-2002 Sampling Events) 

C * i u i  CMS Report, A AO 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location (P&) Qualifier Date Collected MCL~ 

TCE FGELGWOI 2 5 U 1 013 112002 5 
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TABLE 2-1 
Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001 -2002 Sampling Events) .. ," CMS Report, AX 613, zone F, ~harieston Naval Complex 

Sample Concentration 
Analyte Location h n )  Qualifier Date Collected MCL" 

F613GW011 5 U 

FGELGW007 5 U 

FGELGW 008 5 U 
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TABLE 2-1 

. - Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001-2002 Sampling Events) 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location b@) Qualifier Date Cdlected MCL' 

trans-l,2-DCE F613GW003 

F613GW004 

F613GW004 

F613GW004 

F613GW009 

F613GW009 

F613GW009 

F613GW010 

F613GWOlO 

F613GW011 

F613GWOI 1 

FGELGW007 

FGELGW008 

FGELGWOI 1 

FGELGW012 

FGELGWOI 2 

FGELGW012 

FU22GW001 

fU22GW001 



COARECTIVE MEASURES STUDY REPORT. AOC 613, ZONE F 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
FEBRUARY 2003 

TABLE 2-1 
Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001 -2002 Sampling Events) 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location (Mlt) Qualifier Date Collected MCLa 

trans-1 ,2-DCE FU22GW002 

FU22GW002 

FU22GW002 

FU22GW003 

FU22GW003 

FU22GW004 

FU22GW004 

FU22GW005 

FU22GW005 

FU22GW006 

FU22GW006 

FU22GW007 

FU22GW007 

FU22GW007 

F613GP069 

(8 - 12 A bls) 

(20 - 24 A bfs) 

F613GP070 

(20 - 24 A bls) 

F613GP071 

(20 - 24 f l  bls) 

F613GP072 

(20 - 24 ft bls) 

F6t 3GP073 

(20 - 24 A bls) 

Vinyl Chloride F613GW003 
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TABLE 2-1 
Chlorinated Volatile Organic Compounds (CVOCs) in AOC 61 3 Groundwater (2001 -2002 Sampling Events) 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Anal yte Location m) Qualifier Date Collected MCL" 

Vinyl Chloride F613GW009 

F613GW009 

F613GW010 

F613GW010 

F613GW011 

F613GWO11 

FGELGW007 

FGEtGW008 

FGELGWOI 1 

FGELGW012 

FGELGW012 

FGELGWOl2 

FU22GW001 

FU22GW001 

FU22GWO02 

FU22GW002 

FU22GW002 

FU22GW003 

FU22GWOO3 

FU22GW004 

FU22GW004 

FU22GW 005 

FU22GW 005 

FU22GWOO6 

FU22GWO06 

FU22GW007 

FU22GW007 

FU22GW007 

F613GP069 

(8 - 12 ft bls) 

AOC613ZFCMSRPTREVO DOC 



CORRECTIVE MEASURES STUDY REPORT, AOC 613. ZONE F 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
FEeRUARY 2003 

TABLE 2-1 

'W" 

Chlorinated Volatile Organic Compounds (CVOCs) in AOC 613 Groundwater (2001-2002 Sampling Events) 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location @ 9 u  Qualifier Date Collected MCL' 

Vinyl Chlotide (20 - 24 ft bls) 10 U 0711 012002 2 

(20 - 24 R bls) 10 U 07/10/2002 

Concentrations in bold and outlined within the text are exceedances of the screening criterion. 

Values are presented in units of micrograms per liter (pglL). 
a Maximum Contaminant Levels obtained from the EPA National Primary Drinking Water Standards (March 2001). 

= Analyte was detected; the reported value is equal to the sample location. 

ft bls Feet below land surface 

J Analyte was detected; the reported value is an estimated concentration. 

U Analyte was not detected; the reported value is the detection limit. 

UJ Analyte was not detected; the reported value is an estimated detection limit. 
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TABLE 2-2 
Reduction of CVOCs in AOC 613 Groundwater (2001-2002 Sampling Events) 
CMS R e p t ,  AOC 613, Zone F, Charleston Naval Complex 

Sample Concentration 
Anal yte Location WL) Qualifier Date Collected MCL' 

TCE F613GW004 

F613GW004 

F613GW004 

FGELGWOl2 

FGELGWOI 2 

FGELGW012 

FU22GW002 

FU22GW002 

FU22GW002 

FU22GW003 

FU22GW003 

FU22GW004 

FU22GW004 

FU22GW006 

FU22GW006 



CORRECTIVE MEASURES STUDY REPORT. AOC 613, ZONE F 
CHARlESTON NAVAL COMPLEX 

REVISION 0 
FEBRUARY 2003 

TABLE 2-2 
Reduction of CVOCs in AOC 613 Groundwater (2001-2002 Sampling Events) 

" - CMS Reporl, AOC 6 13, Zone F, Charleston Naval Complex 

Sample Concentration 
Analyte Location w) Qualifier Date Collected M C L ~  

Values are presented in units of micrograms per liter (IJgIL). 

Vinyl Chloride F613GW004 

F613GW004 

F613GW004 

FU22GW006 

a Maximum Contaminant Levels obtained from the EPA National Primary Drinking Water Standards (March 2001). 
= Analyte was detected; the reported value is equal to the sample location. 

ft bls Feet below land surface 

J Analyte was detected; the reported value is an estimated concentration. 

U Analyte was not detected; the reported value is the detection limit. 

FGELGW012 10 U 06/22/2001 

10.8 

10.2 

11.2 

Concentrations in bold and outlined within the text are exceedances of the screening criterion. 

4.2 

UJ Analyte was not detected; the reported value is an estimated detection limit. 

- - 06/22/2001 2 

J 0710 1 ROO2 

- - 10131 ROO2 

J 1 0131 ROO2 
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TAME 2-3 
Natural Attenuation Indicator Parameters 
CMS Reporl, AOC 613, Zone F, Chaiieston Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Alkalinity, Total F6 1 3GW004 
(as CaC03) 

FGELGWO12 

Chloride 

Nitrate FU22GW001 
(as Nitrous Oxide) 

FU22GW001 
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TABLE 2-3 
Natural Attenuation Indicator Parameters 
CMS Reporf, AOC 613, Zone F, Charleston Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Nitrate FU22GW003 
(as Nitrous Oxide) 

FU22GW004 

Nitrogen, Nitrate F613GW004 
(as N) F613GW009 
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TABLE 2-3 
Natural Attenuation Indicator Parameters 
CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Sulfate 
(as 504) 
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TABLE 2-3 
Natural Attenuation Indicator Parameters 

. < CMS Report, AOC 613, Zone F, Charleston Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Sulfate FU22GW003 
(as S04) 

FU22GW003 

FU22GW003 

FU22GW004 

FU22GW004 

FU22GW005 

FU22GW005 

FU22GW006 

FU22GW006 

FU22GW006 

FU22GW007 

Methane 

AOC613ZFCMSRPTFiEVD DOC 
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TABLE 2 3  
Natural Attenuation Indicator Parameters 
CMS Report, AAO 613, Zone F, Chadeston Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Methane fU22GW007 

FU22GW007 

Iron, Dissolved FU22GW001 

fU22GW002 

FU22GW003 

FU22GW 004 

FU22GW005 

FU22GW 006 

FU22GW007 

Iron (Ferrous) 

Dissolved Oxygen F613GW004 

F613GW004 

F613GW 009 

F613GW009 

FGELGW012 

FGELGWOl2 

FU22GW001 

FU22GW001 

FU22GW002 
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TABLE 2-3 
Natural Attenuation indicator Parameters 
CMS Reporl, AA0 6 613, Zone F, Charlesfon Naval Complex 

Parameter Sample Location Concentration Qualifier Units Date Collected 

Dissdved Oxygen FU22GW002 

FU22GW002 

FU22GW003 

FU22GW003 

FU22GW003 

FU22GW004 

FU22GW004 

FU22GW004 

FU22GW005 

FU22GW005 

FU22GW006 

FU22GW006 

FU22GW006 

FU22GW007 

FU22GW007 

FU22GW007 

Carbon Dioxide FU22GW003 

FU22GW004 

FU22GW006 

ORP 
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TABLE 2-3 
Natural Attenuation Indicator Parameters 
CMS Report, AOC 613, Zone F, Chadeston Naval Complex 
-- . . . . . 

Parameter Sample Location Concentration Qualifier Units Date Collected 

ORP FU22GW007 -1 26 07/01/2002 

Ethene F613GW004 25 U P ~ / L  1 013 1 /2002 

Ethane 

- - 
J 

IJglL 

mg/L 
ORP 

U 

UJ 

FU22GW006 2 5 U 1 0/3 1 J2002 

Analyte was detected; the reported value is equal to the sample location. 

Analyte was detected; the reported value is an estimated concentration. 
Micrograms per liter 

Milligrams per liter 

Oxidation-reduction potential 
Analyte was not detected; the reporled value is the detection limit. 
Analyte was not detected; the reported value is an estimated detection limit. 

AOC613ZFCMSRPTREVO DOC 
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GELGW014 

GELGW008 

A Figure 2-1 
9 Groundwater Well 

N AOC 61 3 CMS Monitoring Wells /V Roads 0 0 Buildings 
80 160 Feet AOC 613 CMS 

Charleston Naval Complex 
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I @ Groundwater Probe 
8 Groundwater Well 
0 Buildings N 

0 50 100 Feet 

Figure 2-7 
July, 2002 Data - TCE 

AOC 613, CMS 
Charleston Naval Complex 

I 1 inch = 50 feet 
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b \ 
Note: GELGWOI I 
1) MCL = 70 uglL 
2) Screen depth in f l  below ground surface 
3) J= Estimated Concentration 
4) U= Not Detected 
5) UJ= Estimated Detection Limit 

O Groundwater Probe A Figure 2 8  
8 Groundwater Well July, 2002 Data - cis-1 ,2,DC€ 
0 Buildings N AOC 613, CMS 

%h*. 

0 50 100 Feet Charleston Naval Complex 

1 inch = 50 feet 
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BLDG 0255 

3-13 VC 10 UJ 

U22GW007 

20-24 VC 10 U 
4-14 VC 3.8 J 

20-24 VC 10 U 

Note: 
I) MCL = 2 uglL 
2) Screen depth in ft below ground surface 
3) J= Estimated Concentration 
4) U= Not Detected 
5) UJ= Estimated Detection Limit 

GELGWOI 1 
3-13 VC 10 UJ v 

8 

@ Groundwater Probe A Figure 2-9 
8 Groundwater Well July, 2002 Data - Vinyl Chloride 
I7 Buildings N AOC 613, CMS 

0 50 100 Feet Charleston Naval Complex 

1 inch = 50 feet 
FIB P A :  d : \ l ~ s ~ l m m - h a 0 ~ ~ 6 1 3 ~ a o c ~ 6 1 5 ~ ~ r m ~ ~ 1 7 ~ ~ 1 3 ~ f i s z . 9 . a .  Oats: 14 JanZW3 13:41. User DSANTOS. EGIS: Charleston Nwal - Figurn 2-02002 Dala -vmg- 





FU22GW005 

8 FU22GW001 
TCE 5 UJ pglL 

NOTES: 
MCL= 5 ug/L 
J = Estimated Concentratton 
U = Not Detected 

-* 

A Figure 2-11 
9 Groundwater Well 

,4,/ Roads 
N October 2002 TCE 

( Buildings 
0 80 160 Feet AOC 613 CMS r Charleston Naval Complex 

1 inch = 80 feet CHZMHILL Flk Palh d ! l Q l s ~ \ m m  r\aoc_613-\aocB13 fig2-11 ap Dste 06 Jan 2003 13 39. U68( DSANTOS EGIS CharlSBtOn Nmal COTTplmx Fiwm 2 11 Ongndy Reportsd RFI S- 



F613GW010 

FGELGW012 
' cis-1 ,2-DCE 0.62 J pg/L 

FU22GW005 
cis-I ,ZDCE 5 U pg/L 

cis-1,2-DCE 3 J pglL 

FGELGW008 
cis-1,2-DCE 5 U pglt 

FU22GW002 
CIS-1 ,ZDCE 3.1 J pglL 

FU22GW001 
@ cis-1,2-DCE 5 UJ pglL 

cis-1,2-DCE 5 U pglL 

F613GW01 I 8 
cis-1,2-DCE 5 U pglL 

NOTES. 
MCL= 70 uglL 
J = Estimated Concentration 
U = Not Detected 

*d 

*c*r 

A Figure 2-32 
e Groundwater Well N October 2002 cis-1,2-DCE 

Roads 
0 Buildings 

0 80 160 Feet AOC 613 CMS 
Charleston Naval Complex 

1 inch = 80 feet CHZMHILL 
Fh Path d \ I @ s ~ ~ - ~ - 6 1 3 ~ m ~ 1 3  fig2 12 apr Oats 07 Jm 2003 10 07 User DSANTOS EGIS Charisston Nmal Cwnplsx ngure 2 12 W h d l y  RFI Sarrple Locsbons 



I 1 inch = 80 feet CHZMHIL~ 
Fils P a :  d : \ 1 8 g 1 6 ~ \ m n s \ m n s ~ - 6 1 ~ W 1 3 3 f i @ - 1 3 . e p ,  Date: 07 Jan 2W3 1037. User: DSANTOS. EGIS: Charhtm Nava Conplax - mgum 2-73 o r ipw RFI sempk, L & ~  

pas 

A Figure 2-13 
8 Groundwater Well N October 2002 Vinylchloride /V Roads o 

80 0 Buildings 160 Feet AOC 61 3 CMS 
Charleston Naval Complex 



Section 3.0 



CORRECTIVE MEASURES STUDY REPORT. AOC 613, ZONE F 
CHARLESTON NAVAL COMPLEX 

REVISDN 0 
FEBRUARY 2003 

i r  

3.0 Remedial Goal Options and Evaluation 
2 Criteria 

3 This section discusses the RAOs of this CMS and presents MCSs for CVOCs in 

4 groundwater. Once the RAOs and MCSs are established, candidate remedial technologies 

5 and alternatives can be developed to meet these objectives. This section also identifies the 

6 evaluation criteria used in comparing the CMS alternatives. 

7 3.1 Remedial Action Objectives 
8 RAOs are medium-specific goals that the remedial actions are designed to accomplish in 

9 order to protect human health and the environment by preventing or reducing exposures 

10 under current and future land use conditions. The RAOs identified for groundwater at AOC 

11 613 are 1) to prevent ingestion and direct/dermal contact with groundwater having 

12 unacceptable carcinogenic or noncarcinogenic risk, and 2) to restore the aquifer to beneficial 

13 use. No remedial actions are required for surface or subsurface soil at AOC 613. 

3.2 Remedial Goal Options and Media Cleanup 
Standards 

Throughout the process of remediating a hazardous waste site, a risk manager uses a 

progression of increasingly acceptable site-specific media levels in considering remedial 

alternatives. RGOs and MCSs under RCRA are developed at the end of the risk assessment 

in the RFI / Remedial Investigation/State programs. 

RGOs can be based on a variety of criteria, such as specific Incremental Lifetime Cancer Risk 

(ILCR) levels (e.g., 1E-04,lE-05, or 1E-06), hazard index (HI) levels (e.g., 0.1,1.0,3.0), 

regulatory limits, or site background concentrations. For a particular RGO, specific MCSs 

can be determined as target concentration values. Achieving these MCSs is accepted as 

demonstrating that RGOs and RAOs have been achieved. Achieving these goals should 

promote the protection of human health and the environment, while acheving compliance 

with applicable state and federal standards. 

The exposure medium of concern for AOC 613 is groundwater containing CVOCs. Because 

AOC 613 is located within a highly developed area of the CNC, and there are no surface 
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water bodies adjacent to the site, ecological exposures were not considered necessary for 

evaluation. 

Chlorinated solvents and daughter products (PCE, TCE, 1,2-DCE, and vinyl chloride) were 

identified as COCs in groundwater. As presented in the AOC 613/AOC 615/SWMU 175, RFI 

Report Addendum and CMS Work Plan, Revision I (CH2M-Jones, 2002b), MCSs and RGOs 

were selected from EPA National Primary Drinking Water Regulations, and are listed 

below: 

8 PCE-5 pg/L 

9 TCE-5 pg/L 

10 cis-1,2-DCE - 70 pg/L 

11 trans-1,2-DCE - 100 pg/L 

12 Vinyl chloride - 2 pg/L 

13 3.3 Evaluation Criteria 
14 According to the RCRA permit issued by SCDHEC (SCDHEC, 1998), the alternatives will be 

15 evaluated with the following five criteria: 

16 1. Protect human health and the environment. 

17 2. Attain MCSs. 

18 3. Control the source of releases to minimize future releases that may pose a threat to 

19 human health and the environment. 

20 4. Comply with applicable standards for the management of wastes generated by remedial 

21 activities. 

22 5. Other factors, including (a) long-term reliability and effectiveness; (b) reduction in 

23 toxicity, mobility, or volume of wastes; (c) short-term effectiveness; 

24 (d) implementability; and (e) cost. 

25 Each of the five criteria is defined in more detail below. 

26 3.3.1 Protection of Human Health and the Environment 
27 The altematives will be evaluated on the basis of their ability to protect human health and 

28 the environment. The ability of an alternative to achieve this standard may or may not be 

29 independent of its ability to achieve the other standards. For example, an alternative may be - 
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protective of human health, but may not be able to attain the MCSs if the MCSs were not 

developed on the basis of human health protection factors. 

3.3.2 Attainment of MCSs 
The alternatives will be evaluated on the basis of their ability to achieve the MCSs defined in 

this CMS. Another aspect of this criterion is the time frame to achieve the MCSs. Estimates 

of the time frame for the alternatives to achieve RGOs will be provided. 

3.3.3 Control of Release Source 
This criterion deals with the control of releases of contamination from the source (the area in 

which the contamination originated) and the prevention of future migration to 

uncontaminated areas. 

3.3.4 Compliance with Applicable Standards for Management of Generated 
Wastes 

This standard deals with the management of wastes derived from implementing the 

alternatives; for example, treatment or disposal of pumped groundwater. The remedial 

alternative will be designed to comply with all standards for management of wastes 

generated by the remedial action. Consequently, this criterion will not be explicitly included 

in the detailed evaluation presented in the CMS, but such compliance would be 

incorporated into the cost estimates for which this criterion is relevant. 

3.3.5 Other factors 
Five other criteria are to be considered if an alternative is found to meet the four standards 

described above. These other factors are as follows: 

a. Long-term reliability and effectiveness 

The alternatives will be evaluated on the basis of their reliability, and the potential 

impact should the alternative fail. In other words, a qualitative assessment will be 

made as to the chance of the alternative's failing and the consequences of that failure. 

b. Reduction in the toxicity, mobility, or volume of wastes 

Alternatives with technologies that reduce the toxicity, mobility, or volume of the 

contamination will be generally favored over those that do not. Consequently, a 

qualitative assessment of this factor will be performed for each alternative. 
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Short-term effectiveness 

Alternatives will be evaluated on the basis of the risk they create during the 

implementation of the remedy. Factors that may be considered include fire, 

explosion, and exposure of workers to hazardous substances. 

Implementability 

The alternatives will be evaluated for their implementability by considering any 

difficulties associated with conducting the alternatives (such as the construction 

disturbances they may create), operation of the alternatives, and the availability of 

equipment and resources to implement the technologies comprising the alternatives. 

Cost 

A net present value of each alternative will be developed. These cost estimates will 

be used for the relative evaluation of the alternatives, not to bid or budget the work. 

The esfimates will be based on information available at the time of the CMS and on a 

conceptual design of the alternative. They will be "order-of-magnitude" estimates 

with a generally expected accuracy of -50 percent to +I00 percent for the scope of 

action described for each alternative. The estimates will be categorized into capital 

costs and operations and maintenance costs for each alternative. 
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4.0 Description of Candidate Corrective 
2 Measure Alternatives 

Currently available groundwater remedial technologies were screened for applicability to 

the contaminants and physical conditions present at AOC 613, with only the most viable 

remedial technologies known for effective treatment of CVOCs selected for alternative 

analysis. As described in Section 2.0, no source area has been identified; therefore, no source 

control is required. The CVOC plume to be addressed has been identified as the area 

between Buildings 242 and 155. The area of affected groundwater is limited in size 

(approximately 15,000 square feet), has not mobilized off site, and shows no likelihood of 

doing so. 

Detailed analyses of these selected technologies, presented in this section, provide the 

rationale to support the selection of the recommended corrective measure alternative. Two 

candidate corrective measure alternatives were selected for this site: 

Alternative 1: Natural Attenuation with Land Use Controls (LUCs) 

Alternative 2: In situ Biosparging with LUCs 

Two other candidate alternatives were initially considered potentially applicable to the site. 

Enhanced biodegradation, which consists of injecting a biodegradation-enhancing substrate 

(such as lactate) into the subgrade, was considered infeasible in the relatively low- 

permeability soils at the site. Injecting oxygen-releasing compounds (ORCs) to stimulate 

aerobic biodegradation would have similar reagent delivery problems. Chemical oxidation, 

which consists of injecting an oxidizing agent such as hydrogen peroxide, was also 

eliminated as  an alternative because of the absence of a significant source area. 

A description of the remaining alternatives is presented in this section. 

4.1 Alternative 1: Natural Attenuation with Land Use Controls 
This alternative will allow the CVOCs to continue to naturally attenuate in the subsurface, 

will monitor groundwater concentrations periodically until the MCSs are reached, and will 

impose LUCs (such as a deed restriction) to restrict the installation of drinking water wells. 

Natural attenuation is the reduction of CVOC concentrations by the natural processes 

present in the aquifer, including volatilization, hydrolysis, dilution, dispersion, adsorption, 
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and biotic and abiotic degradation. The collective effort of these processes is termed natural 

attenuation. MNA is a careful evaluation of natural attenuation mechanisms using 

monitoring. EPA has issued a Final OSWER Directive on Monitored Natural Attenuation 

(EPA, 1999), in which it recogruzes that MNA is appropriate as a remedial approach, "where 

it can be demonstrated capable of achieving a site's remedial objectives within a time frame 

that is reasonable compared to that offered by other methods, and where it meets the 

applicable remedy selection criteria for that particular OSWER program." EPA clearly states 

its expectation that "monitored natural attenuation will be most appropriate when used in 

conjunction with active remediation measures (e.g., source control) or as a follow-up to 

active remediaticm measures that already have been implemented." 

The presence of chlorinated solvent daughter products (1,2-DCE and vinyl chloride), and 

the relative absence of the parent compounds (PCE and TCE) demonstrates that degradation 

of the solvents has occurred. Vinyl chloride has been produced as a result of reductive 

dechlorination of TCE and 1,2 DCE. TCE and DCE have been reduced to less than their 

respective MCLs. Vinyl chloride typically attenuates under the natural iron-reducing 

conditions at the site and natural attenuation of vinyl chloride is expected to continue to 

effectively proceed at the site. Concentrations of vinyl chloride are only slightly above the 

MCL of 2 pglL, with maximum concentrations of 11.2 pg/L at F613GW004,5.6 pg/L at 

FU22GW003, and 4.2 hg/L at FU22GW002 as of October 31,2002. 

Under the natural attenuation alternative, the CVOC plume would be evaluated using a 

monitoring system designed to track the plume location and concentrations. Monitoring 

data would be compared to the predicted transport and fate of the CVOCs to check the 

predictions accuracy. In general, the MNA alternative consisl of three major features: 

A designed monitoring program 
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and biotic and abiotic degradation. The collective effort of these processes is termed natural 

attenuation. MNA is a careful evaluation of natural attenuation mechanisms using 

monitoring. EPA has issued a Final OSWER Directive on Monitored Natural Attenuation 

(EPA, 1999), in which it recognizes that MNA is appropriate as a remedial approach, "where 

it can be demonstrated capable of achieving a site's remedial objectives within a time frame 

that is reasonable compared to that offered by other methods, and where it meets the 

applicable remedy selection criteria for that particular OSWER program." EPA clearly states 

its expectation that "monitored natural attenuation will be most appropriate when used in 

conjunction with active remediation measures (e.g., source control) or as a follow-up to 

active remediation measures that already have been implemented." 

The presence of chlorinated solvent daughter products (1,Z-DCE and vinyl chloride), and 

h e  relative absence of the parent compounds (PCE and TCE) demonstrates that degradation 

of the solvents has occurred. Vinyl chloride has been produced as a result of reductive 

dechlorination of TCE and 1,2 DCE. TCE and DCE have been reduced to less than their 

respective MCLs. Vinyl chloride typically attenuates under the natural iron-reducing 

conditions at the site and natural attenuation of vinyl chloride is expected to continue to 

effectively proceed at the site. Concentrations of vinyl chloride are only slightly above the 

MCL of 2 pg/L, with maximum concentrations of 11.2 pg/L at F613GW004,5.6 pg/L at 

FU22GW003, and 4.2 pg/L at FU22GW002 as of October 31,2002. 

Under the natural attenuation alternative, the CVOC plume would be evaluated using a 

monitoring system designed to track the plume location and concentrations. Monitoring 

data would be compared to the predicted transport and fate of the CVOCs to check the 

predictions accuracy. In general, the MNA alternative consists of three major features: 

A designed monitoring program 

A tracking and data evaluation program 

A contingency response plan in the event that the monitoring indicates downgradient 

migration of dissolved CVOCs 

The MNA alternative would be implemented in conjunction with a long-term monitoring 

plan. The purpose of the plan is to monitor plume migration over time, and to verrfy that 

natural attenuation is occurring. The plan would spec* existing wells located within, 

upgradient to, crossgradient to, and downgradient of the plume. Because of the signtficant 

amount of data already available for the site, the monitoring plan would focus primarily on 

monitoring for the CVOCs. Field measurements, such as DO, ORP, and turbidity, would 

continue to be monitored. Additional parameters, such as ferrous iron, common cations and 

anions, and dissolved ethene, ethane, and methane, might also be occasionally monitored 
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for, if additional information on these parameters was needed. The data would provide 

ongoing characterization of plume extent, groundwater quality, hydraulic gradients, ORP 

indicators, and indicators of biological degradation products of the CVOCs. 

It is expected that the CVOC plume will slowly decrease in concentration as a result of 

natural attenuation. Additional contingency remedies would be considered if natural 

attenuation indicates low performance as evidenced by increasing trends for total CVOC 

concentrations at the downgradient edge of the plume that sigruficantly increase potential 

exposures or related risks. Existing data indicate that this scenario is not likely. 

LUCs, such as deed restrictions, would be implemented to restrict the installation of 

drinking water wells at AOC 613. Such LUCs could be removed after CVOC concentrations 

have reduced to MCLs or lower. LUCs are planned for the adjacent Zone E industrial area, 

and are anticipated to extend into the industrial portions of Zone F, including the AOC 613 

area. 

Alternative 2: In Situ Biosparging with Land Use Controls 
Natural biodegradation processes occurring at AOC 613 have resulted in the depletion of 

the parent compounds PCE and TCE, and the presence of primarily the daughter products 

DCE and vinyl chloride. These degradation products are generally more biodegradable in 

an aerobic environment; hence their continued presence in the groundwater at AOC 613, 

although they will continue to degrade in the iron-reducing conditions at the site. 

Biosparging is the injection of air at low flow rates (i.e., 0.5 cubic feet per minute [cfm] to 2 

to 3 cfm per injection point) into the saturated formation to enhance biodegradation. The 

application of biosparging would be appropriate for aerobically biodegradable compounds 

such as cis-1,2-DCE and vinyl chloride. In calculating the remedial technique cost estimates 

provided in this CMS report, it was assumed that five sparge wells would be installed at the 

site. Because the vinyl chloride plume is located beneath a traffic area used by the CPW, air 

supply piping would be installed below grade. 

In addition to the other required design parameters (such as air injection rate and pressure), 

the sparge well spacing would be evaluated from pilot test results. A six-month pilot test 

might effectively remediate the plume because of the low site concentrations and its 

relatively small area. However, effectiveness of this technique may be limited due to the 

high percentage of h e  particles in the aquifer. 

LUCs to preclude the consumption of shallow groundwater would also need to be 

implemented at the site until the target MCSs are achieved. 

AOC613TFCMSRPTRNO DOC 
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5.0 Evaluation and Comparison of Corrective 
* 

2 Measure Alternatives 

The corrective measure alternatives were evaluated relative to the evaluation criteria 

previously described in Section 3.0, and then subjected to a comparison evaluation. A cost 

estimate for each alternative was also developed; the assumptions and unit costs used for 

these estimates are included in Appendix F. 

5.1 Alternative 1 : Natural Attenuation with Land Use Controls 
The assumptions for Alternative 1 include the following: 

A basewide Land Use Control Management Plan (LUCMP) will be developed for the 

CNC. The plan will allow for restrictions on the use of groundwater from AOC 613 and 

other industrial areas, and will be developed outside of the scope of ths CMS. Periodic 

monitoring would verif)r the site's usage is consistent with the LUCs. 

Periodic groundwater monitoring will be performed until results indicate that the 

natural attenuation is considered complete and CVOC concentrations are below MCLs, 

estimated at no more than five years at ttus site. Samples will be colhcted from up to 

five groundwater wells on an annual basis, and will be analyzed for CVOCs. Selected 

MNA parameters will be analyzed as needed in the groundwater samples. Standard 

field parameters (DO, ORP, turbidity, temperature) will be monitored in all wells. For 

cost estimating purposes, monitoring will be planned for a five-year period. 

5.1.1 Protection of Human Health and the Environment 
This alternative is effective at protecting human health because it uses LUCs to prevent the 

ingestion of and direct contact with groundwater. Indirect exposures are not considered 

likely at AOC 613. The environment is protected because the plume is not expected to 

migrate from its present position before it degrades to MCSs. Monitoring will be conducted 

to evaluate if the plume is migrating and degrading. 

5.1.2 Attainment of MCSs 
This alternative is expected to eventually meet MCSs for &-1,2-DCE and vinyl chloride. 
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5.1.3 Control of Release Source 
There are no ongoing sources of releases at AOC 613. 

5.1.4 Compliance with Applicable Standards for Management of Generated 
Wastes 

This alternative is not expected to produce sigruficant quantities of waste requiring 

management. Wastes produced from sampling activities are easily managed to applicable 

standards. 

5.1.5 Other Factors (a) Long-term Reliability and Effectiveness 
This alternative has adequate long-term reliability and effectiveness. In the unlikely event 

that plume migration occurs, additional corrective measures may be considered. 

5.1.6 Other Factors (b) Reduction in the Toxicity, Mobility, or Volume of Wastes 
Alternative 1 relies on natural attenuation to continue at AOC 613. The biodegradation of 

CVOCs has been proven at the site; as evidenced by the absence of parent compounds. 

Mobility is not affected by the natural attenuation alternative. 

5.1.7 Other Factors (c) Short-term Effectiveness 
MNA with LUCs has short-term effectiveness for preventing contact with contaminated 

groundwater. Workers conducting groundwater sampling would follow a Health and 

Safety Plan that would provide appropriate actions to avoid risk of exposure. 

5.1.8 Other Factors (d) Implementability 
Alternative 1 is easy to implement. It requires the development of a LUCMP (to be 

developed independent of AOC 613) and a monitoring plan, as well as conventional 

processes for sampling and analysis. 

5.1.9 Other Factors (e) Cost 
Alternative 1 is the least costly to implement since it requires no construction of treatment 

facilities or disposal of wastes. The signrficant cost for this alternative is for groundwater 

monitoring. Using the assumptions described earlier, the total present value of the MNA 

with LUCs alternative, including monitoring for up to five years, is $39,000. 
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5.2 Alternative 2: In Situ Biosparging with Land Use Controls 
A pilot test would be conducted to determine the optimum spacing and pumping rate for 

Alternative 2 - Biosparging with LUCs at AOC 613. To evaluate this alternative, the 

assump tiom include the following: 

A pilot test would be conducted to evaluate appropriate sparge well spacing, depth, and 

air pressure. Five air sparge wells would be installed at the site, screened at the 15-ft 

depth. It is anticipated that the site groundwater would be remediated during the pilot 

test. 

Quarterly groundwater monitoring will be performed until results indicate that the 

CVOCs have attained MCSs, for an estimated six months. Monitoring well locations and 

analytical parameters would be the same as for Alternative 1 - MNA. 

5.2.1 Protection of Human Health and the Environment 
This alternative, if viable in the subsurface conditions at AOC 613, would be protective of 

human health and the environment because it would remove the toxic daughter products of 

the solvents. The degree of protection would be similar or greater than Alternative 1 - 
MNA* 

5.2.2 Attainment of MCSs 
This alternative is expected to meet MCSs for cis-12-DCE and vinyl chloride, at a faster rate 

than Alternative 1 - MNA. The rate of effectiveness wiIl be dependent on the ability for 

oxygen dispersion in the low permeability soils. 

5.2.3 Control of Release Source 
There are no ongoing sources of releases at AOC 613 

5.2.4 Compliance with Applicable Standards for Management of Generated 
Wastes 

This alternative is not expected to produce signhcant quantities of waste requiring 

management. The sparging rate is not expected to strip VOCs from the subsurface, and 

vapor recovery is not planned. Wastes produced from sampling activities are easily 

managed to applicable standards. 
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5.2.5 Other Factors (a) Long-term Reliability and Effectiveness 
This alternative has adequate long-term reliability and effectiveness. In the event that plume 

migration occuxs, additional corrective measures may be considered. Factors potentially 

limiting effectiveness may include low permeability of the soil, limiting air migration. 

5.2.6 Other Factors (b) Reduction in the Toxicity, Mobility, or Volume of Wastes 
Alternative 2 will be designed to reduce CVOCs to MCSs; the biodegradation process is 

irreversible. Plume mobility is not anticipated due to biosparging. 

5.2.7 Other Factors (c) Short-term Effectiveness 
No exposure to site workers or the community, or impacts to the environment, are 

anticipated with Alternative 2. Workers conducting groundwater sampling wodd follow a 

Health and Safety Plan that would provide appropriate actions to avoid risk of exposure. 

5.2.8 Other Factors (d) Implementability 
Alternative 2 is fairly easy to implement. The process uses conventional and readily 

available technology. Sparge wells and air lines would be installed below-grade to avoid 

long-term interruption of tenants' operations. The alternative requires the development of a 

monitoring plan and conventional processes for sampling and analysis. A pilot test would 

be required as part of the design process. 

5.2.9 Other Factors (e) Cost 
Alternative 2 is comparatively costly to implement since it requires a pilot test, installation 

of sparge wells, long-term operation and maintenance (O&M), and groundwater 

monitoring. Although it is anticipated that the pilot test would effectively remediate the 

plume, additional annual monitoring for up to two years after completion of the pilot test 

would be conducted to venfy that the plume has been remediated to MCSs. For cost 

estimating purposes, annual monitoring of only CVOCs will be conducted for up to two 

years after the pilot test. Using the assumptions described earlier, the total present value of 

the biosparging alternative, including monitoring for up to two years, is $138,000. 

5.3 Comparative Ranking of Corrective Measure Alternatives 
Each corrective measure alternative's overall ability to meet the evaluation criteria is 

described above. In Table 5-1, a comparative evaluation of the degree to which each 

alternative meets a particular criteria is presented. Alternative 1 (MNA with LUCs) is the 

preferred alternative. It provides a protective and reliable remedy at a cost lower than 

Altema tive 2, with minimal disruption of the tenant's operations. 
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TABLE 51 
Qualitative Comparison of Corrective Measure Alternatives 
CMS Repatt, AOC 6 13, Zone F, Chadesfon Naval Complex 

Alternative 1 : Alternative 2: 
Natural Attenuation with Land In Situ BioSparging with Land 

Criterion Use Controts Use Controls 

Overall Protection of Human 
Health and the Environment 

Attainment of MCSs 

Control of Release Source 

Compliance with Applicable 
Standards for Management of 

Generated Wastes 

Long-term reliability and 
effectiveness 

Reduction in the toxicity, 
mobility, or volume of wastes 

Short-term effectiveness 

Implementability 

Cost Ranking 

Estimated Cost 

Protects human health and the 
environment 

Would achieve MCSs 

NIA 

Complies with applicable standards 

Reliable and effective long-term 

Reduces toxicity and volume via 
chemical degradation 

Effective in short-term 

Easy to implement 

Inexpensive 

$39,000 

Protects human health and the 
environment 

Would achieve MCSs 

Complies with applicable 
standards 

Moderately reliable and 
effective long-term, provided 

soil conditions allow air 
migration 

Reduces toxicity and volume 
via chemical degradation, more 
quickly than the current natural 

processes 

Effective in short-term 

Moderately easy to implement: 
requires installation of piping 
and equipment control unit in 

CPW traffic area 

Moderately Expensive 



Section 6.0 



CORRECTIVE MEASURES STUDY REPORT, AOC 613, ZONE F 
CHARLESTON NAVAL COMPLEX 

REVISON 0 
FEBRUARY 2M)3 

6.0 Recommended Corrective Measure 
Alternative 

Two corrective measure alternatives were evaluated using the criteria described in Section 

3.0 of this CMS report. These alternatives included: 

Alternative 1: Natural Attenuation with LUCs 

Alternative 2: In Situ BioSparging with LUCs 

On the basis of the alternatives evaluation and RGOs for the site, as well as current 

uncertainties associated with each alternative, the preferred corrective measure alternative 

is Alternative 1: Natural Attenuation with LUCs. The remedy would be protective at a lower 

cost, with less disruption of the current tenant's activities than Alternative 2. 

Alternative 1 would provide protection of human health and the environment by 

maintaining the current and planned future use of the site as industrial/commercial while 

the contaminants naturally degrade to non-toxic end products. Limitations would prevent 

residential and other unrestricted land use, including installation of water supply wells, that 

could expose sensitive populations. 

A LUCMP is being developed for the industrial areas of the CNC, and AOC 613 will be 

added to the plan. The LUCMP will limit future site activities to those that would limit 

exposure to groundwater. Current data indicate that the contaminants are degrading and 

wiU continue to do so, and are not migrating. The expected reliability of this alternative is 

good. 
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Boring Number: F613GP070 
Driller: Prosonic 

Client: US Navy Drilling Method: Geoprobe - DPT 
Project: Charleston Naval Complex Sampling Method: Continuous Sample (4ft core) 
Location: Building 255 Logged by: William Elliott 

StarVFinish Date: 6/19/2002 - 611 912002 

Soil Description 

091 0 - Open hole with rock 
bit through asphalt, hand 
auger to 4' - hit rocklconcrete 
at approximately 2' 

CL - Brownltan, silty, plastic, moist, organic 0915 - Move (offset) 1' + 1' 
and open hole again - rock @ 

0930 - Push 4' macrocore 

CH - Green, very stiff, very plastic, sligh 

0935 - Push 4' macrocore 

CL - Green, silty, moist, plastic, orange iron 
staining, grading siltier with depth 

0945 - Push 4' macrocore 

15.0' to 15.1' - Orange 

15 1' to 16 0 - Tan sticky clay, plastic, w/ fine 
grained black inclusions 

0955 - Push 4' rnacrocore 
16 0' - Yellow mottllng 



Boring Number: F613GP070 Sheet: 2 of 2 L, 
Driller: Prosonic 

Client: US Navy Drilling Method: Geoprobe - DPT 
Project: Charleston Naval Complex Sampling Method: Continuous Sample (4ft core) 
Location: Building 255 Logged by: William Elliott 
Project Number: 158814.ZF.PR.02 StartlFinish Date: 611 912002 - 611 912002 

Comments 

1005 - Push 4' macrocore 
sampler to 28' I-% 

1015 - Check w/ Darryl 
Gates. Review old boring logs 
from Bldg. Supt. (John), 
confirm Cooper Marl 
encountered as silt @ 28' 

1030 - Grout borehole 



PROJECT NUMBER DPT NUMBER 
t588f 4.ZF.PR.02 F613GP069 page 1 oi 

CH2MHIIl 
.It. DPT GROUNDWATER SAMPLE LOG 

PROJECT : Charleston Naval Complex, Chadeston, SC NORTHING: 373860.3 

LEVATION : 9.44 LOCATION: AOC 61 3 DRILLING CONTRACTOR : Prosonic License # t 435 EASTING: 2319625.7 

lRlLLlWG METHOD AND EQUIPMENT USED : Geopmbe Direct-Push Sampling, 4.0 - ft screen 

START : 7-10-20021 1630 END: 7-10-2002 1 1710 LOGGER : Dam4 Gates 

SAMPLING DEPTH 1 COMMENTS 

DEPTH BELOW 
SURFACE (m SCREEN lNTERVAL 

ABANDONMENT METHOD 
TESTS, INSTRUMENTATION 
SOIL DESCAIWION. IF VISIBLE 

Portland Type I Cemenl with 5% Bentmite 
P D S S ~ ~  T M  to Surface 



PoNand Type I Cement rvith 5% Bemi le  
Pressure Trimmie to Sudafe 

0 CH2MHII-L - PROJECT NUMBER 
15881 4.ZF.PR.02 

DPT NUMBER 
F613GP070 page I of 1 

PROJECT : Charteston Naval Complex. Charleston, SC NORTHING: 373836.2 

ELEVATION : 9.55 LOCATION: AOC 613 DRILUNG CONTRACTOR : Prosonic License # 1 435 EASTING: 231 9644.7 

DRILLING M m O D  AND EQUIPMENT USED : Geopmbe Direct-Push Sampling, 4.0 - ft screen 

START : 7-10-2002 1 1600 END 7-1 0-2002 1 161 5 LOGGER : Danyl Gates 

DPT GROUNDWATER SAMPLE LOG 

DEPM BELOW 
SURFACE (FT) 

- 

- 

- 

- 

- 

- 

30 - 

- 

SAMPLING DEPTH 

SCREEN INTERVAL 

COMMENTS 

ABANDONMENT MET!iOD 
TESTS, INSTRUMENTATION 
SO1L DESCRIPTION, IF VlStBLE 

- 

- 



PROJECT : Charleston Naval Complex, Charleston. SC NORTHING 373815.6 

ELEVATION : 9.52 LOCATION: AOC 613 DRILLING CONTRACTOR : Pmson~c License # 1435 EASflNG: 231 9861.6 

DRILLING METHOD AND EQUtPMENT USED : Geopmbe Direct-Push Sampling. 4.0 - f~ screen 

START : 7-1 0-2002 1 1520 END: 7-10-2002 1 1545 LOGGER : Darryl Gates 

I SAMPLING DEPTH I COMMENTS 

a CH2MHIi.L 
s, * 

W P M  BELOW 
SURFACE (FT) I SCREEN INTERVAL 

PROJECT NUMBER 
15881 4.ZF. PR.02 

ABANDONMENT MEMOD 
TESTS, INSTRUMENTATION 
SOIL DESCRIPTION, IF VISIBLE 

DPT NUMBER 

F613GP071 page 1 of I 

Portland Type I Cement with 5% Bemite 
Pressure Trimmi to Surface 

DPT GROUNDWATER SAMPLE LOG 



Potnand Type I Cement with 5% Bentmite 
Pressure Trimnie to Surtace 

e CH2MHIt-t.. - PROJECT NUMBER 
150814.tF.PR.02 

DPT NUMBER 
F613GP072 page 1 of t 

PROJECT : Chadeston Naval Complex, Charleston, SC NORTHING: 373800.9 

ELEVATION : 9.68 LOCATION: AOC 613 DRILLING CONTRACTOR : Prosonic License # 1435 EASTING: 231 9680.2 

DRILLING MIKF'HOD AND EQUIPMENT USED : Geoprobe Dired-Push Sampling, 4.0 - R screen 

START : 7-10-2002 1 1 450 END: 7-1 0-2002 1 1 51 0 LOGGER : D a d  Gates 

' 

DPT GROUNDWATER SAMPLE LOG 

COMMENTS 

ABANOONMEKT METHOD 
TESTS, 1NSTRWENTATlON 
SOIL DESCRIPTION, IF VIS1ME 

- 

- 

DEPTH BELOW 
SURFACE (FT) 

- 

- 

I I 1 

SAMPLING DEPTH 

SCREEN INTERVAL 



Portrand Type I Cement with 5% BenMnii 
Pressure Tlirnnie to Surface 

0 CHZMIilU 
*Iv 

1, 

PROJECT NUMBER 
15881 ~.ZF.PA.O~ 

DPT NUMBER 
F613GPO73 

PROJECT : Charleston Naval Complex, Charleston. SC NORTHING: 373779.8 

ELEVAflON : 9.44 LOCATION: AOC 613 DRILLING CONTRACTOR : Prosonic bcense t 1435 EASl'lNG: 231 9699.8 

DRILLING METHOD AND EQUIPMENT USED : Geoprobe D~rect-Push Sampling. 4.0 - H x m  
START: 7-10-2002 1 1320 END: 7-1 0-2002 1 1345 LOGGER : Darryl Gates 

p a g e l o f 1  

DPT GROUNDWATER SAMPLE LOG 

DEPM BELOW 
SURFACE (TT) 

- 

- 

I -I I 

SAMPLING DEPTH .. 
SCREEN INTERVAL 

COMMENTS 

ABANDONMENT METHOD 
TESTS, INSTRUMENTATION 
SOIL DESCRIPTION, IF VISIBLE 

- 
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.- Appendix B 
CVOCs in Groundwater reported in AOC 613JAOC 615/SWMU 175 RFI Report Addendum 
AOC 613 CMS Report, Revision 0 

Units (ugi~)  (w-) (u W) (ugR) 
MCURBC* 70 a 5 5 2 4.1' 

Station Date Conc. Conc. Conc. Conc. Conc. 
F613GP001 12-Sep-96 5.0 U 5.0 U 5.0 U 10.0 U 5.0 U 



Appendix 8 
CVOCs in Groundwater reported in AOC 61 31AOC 61 S/SWMU 175 RFI Report Addendum 
AOC 613 C M  Report, Revision 0 

units (u*) (UgJL) (ugR) (ugR) 0~Sn) 
MCURBC' 70 a 5 5 2 4.1 

Station Date Conc. Conc. Conc. Conc. Conc. 
F613GW29 28-Aug-96 5.0 U 5.0 U 5.0 U 10.0 U 5.0 U 



,, Appendix B 
CVOCs in Groundwater reported in AOC 613lAOC GIYSWMU 175 RFI Report Addendum 
AOI: 673 CMS Report, Revision 0 

Units (uw) (UgR) (u!YL) (ug/L) ( u r n )  
MCURBCC 70 a 5 5 2 4.1 * . - . - - . . - - . - - - - .. . 

Station Date Conc. Conc. Conc. Conc. Conc. 



Appendix B 
CVOCs in Groundwater reported in AOC 61 3/AOC 61 51SWMU 175 RFI Report Addendum 
AOC 613 CMS Report, Revision 0 

Units (ug/~) (ug/L) (UgR) (ugll) ( u a )  
MCURBC* 70 a 5 5 2 4.1' 

Station Date Conc. Conc. Conc. Conc. Conc. 
LFO37GP066 01-Jul-97 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 



qr*. Appendix B 
CVOCs in Groundwater reported in AOC 613tAOC 61WSWMU 175 RFI Report Addendum 
AOC 613 CMS Report, Revision 0 

Units (ug/L) 



Appendix B 
CVOCs in Groundwater reported in AOC 613tAOC 615/SWMU 175 RFI Report Addendum 
AOC 613 CMS Report, Revision 0 

Units (ug/L) (4Vu (u@) (uSn) (WLlL) 
MCURBC* 70 a 5 5 2 4.1* 

Station Date Conc. Conc. Conc. Conc. Conc. 
07-May-97 5.0 U 5.0 U 5.0 U 10.0 U 5.0 U 

Bolded and outlined values are exceedences of background reference concentrations (BRCs) and MCLsIRBCs 
RBC obtained from US EPA Region Ill (Noncarcinogen HI = 1 .O) Table 10105/2000, where no MCL exists 

MCL = Maximum Contaminant Level from US EPA National Primary Drinking Water Standards March 2001 
a MCL for cis-1 -2-Dichlorothene used; MCL for trans-l,2-Dichlororethene = 100 uglL 

Value is sum of separate reported values tor cis-l,2-dichloroethene and trans-l,2-dichloroethene 
= Analyte was detected; the reported value is equal to the sample concentration. 
J Analyte was detected; the reported value is an estimated concentration. 



.'Cu 
Appendix 6 
CVOCs in Groundwater reported in AOC 613/AOC 615BWMU 175 RFI Report Addendum 
AOC 613 C M  Repod, Revision 0 

units (ug /~ )  (ugR) (ugR) (W) 0.W) 
MCURBC' 70 " 5 5 2 4.1 

Station Date Conc. Conc. Conc. Conc. Conc. 
NA Data not available or analyte was not analyzed in the sample. 
U Analyte was not detected; the reported value is the detection limit. 
UJ Analyte was not detected; the reported value is an estimated detection limit. 



U 08/19/1997 

2 J 11/12/1996 
3 J 04/30/1997 
5 U 08/22/1997 

Note: Almost all groundwa 
samples were analyzed for 
locations where PCE was d 

Concentrations exceeding MCLs are shown in bold type. 

PCE Detected in Groundwater 
AOCs 613,615, and SWMU 175, Zone F 

Charleston Naval Complex 





06/1#99 33 = 

11/12/96 24 = 

Note: Almost all groundwater probe and monitoring well 
samples were analyzed for 1,2 DCE; only data from 
locations where 1,2 DCE were detected are shown. 

Concentrations exceeding MCLs are shown in bold type. 

MCL for 1,2 DCE (total) = 70 ug/L (assumed) 
MCL for cis-I ,2 DCE = 70 uglL 
MCL for trans-1,2 DCE = 100 ug/L 
J = Estimated Concentration 

/ \ \  \ \  

@ Groundwater well &' Railroads 
@ Groundwater Probe A Figure 51 0 

A/ Roads 1,2-DCE Detections in Groundwater 

0 AOC Boundary N AOCs 61 3,615, and SWMU 175, Zone F 
0 SWMU Boundary 

0 100 
Charleston Naval Complex 

0 Buildings 200 Feet 
61 Zone Boundary - F U - W I I  Ill I 
- 
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BORING LOG 



BORING LOG Page of r 

' ~ ~ o c k . c a n n p . c n ( c r ~ ~ ~ .  

" k ~ u d t  m o r u i  rcedhg m (L bat g Ooreholc Increase r e w i q  hqumcy if etw~11~d mpunl~  n ~ c i  Drilling Area 
Remarks: Background (ppm). b__a 





' w h . n ~ ~ . ~ ~ b r o t w n a  
a I n d u d e m o n i & r ~ i n g i n S b d ~ s @ ~ .  ~ ~ ~ ~ . b v p l s d ~ d .  Drilling Area 
Remarks: 6ct PLR 5 u A . e  C Q ~ P  -4#b md-&-L(s . Badrgmwd ( p p n ) : ~ l  

Corrvefied to Well: Yes No Wdl1.D. #: 2 2 - p WO4-l; ,  



BORING NO.: 

OVERBURDEN MONITORING WELL SHEET 

ELEVATION OF TOP OF SURFACE CASING: 

ELEVATION OF TOP OF RISER PIPE: 
S I C K  -UP TOP OF SURFACE CASING: 
STICK-UP RlSER PIPE: 
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M E M O R A N D U M  CHSMHIU 

Data Validation Summary - Charleston Naval 
Complex - Zone F, AOC 613 
TO: Louise Palmer/CH2M HILL/CLT 

FROM: Amy Juchem/CH2M HILL/GNA 

Herb Kelly/CH2M HILL/GNA 

DATE: January 9,2003 

The purpose of this memorandum is to present the results of the data validation process for 
the samples collected in Zone F, AOC 613. The samples were collected between the dates of 
May 21,2001 and December 4,2002. 

samples and analytical fractions reviewed are summarized below in 

The Quality Control areas that were reviewed and the resulting findings are documented 
within each subsection that follows. This data was validated for compliance with the 
analytical method requirements. This process also included a review of the data to assess 
the accuracy, precision, and completeness based upon procedures described in the guidance 
documents such as the Environmental Protection Agency (EPA) National Functional 
Guidelines for inorganic Data Review (EPA 2002) and National Functional Guidelinesfor Organic 
Data Review (EPA 1999). Quality assurance/quality control (QA/QC) summary forms and 
data reports were reviewed. 

Samples were submitted to Severn Trent Services, STL Savannah Laboratories, Inc., in 
Savannah, Georgia, for the following analyses: SW-846 8260 Volatile Organic Compounds 
(VOC), RSKSOP-175 Dssolved Gasses, SW-846 6010 Total and Dissolved Iron, E150.1 pH, 
E300 Anions, and A2320 Alkalinity. 

Samples were submitted to General Engineering Laboratories, Inc., in Charleston, South 
Carolina, for the following analyses: SW-846 8260 Volatile Organic Compounds (VOC), SW- 
846 8015 Dissolved Gasses, SW-846 6010 Total and Dissolved Iron, E150.1 pH, E300 Anions, 
E310.1 Alkalinity, and SM3500 Ferrous Iron. 

Sample results that were not within the acceptance limits were appended with a quallfymg 
flag, which consisted of a single- or double-letter code that indicated a possible problem 
with the data. The qualifymg flags originated during the data review and validation 
processes. These also include the secondary, or the two-digit "sub-qualifier" flags. The 
secondary qualifiers provide the reasoning behind the assignment of a qualifier flag to the 
data. The secondary qualifiers are presented and defined below. 

~ 6 d u n e n t  1 lists the changes in data qualifiers, due to the validation process. 



DATA QUAUM NALUATON SUMMARY 

The following primary flags were used to qualify the data: 

I=] Detected. The analyte was analyzed for and detected at the concentration shown. 

[TI Estimated. The analyte was present but the reported value may not be accurate or 
precise. 

[U] Undetected. The analyte was analyzed for but not detected above the method 
detection limit. 

[UJ] Detection limit estimated. The analyte was analyzed for but qualified as not 
detected; the result is estimated. 

fR] Rejected. The data is not useable. 

Secondary Data Validation Qualifiers 

Code 
25 
BL 
BD 
BS 
CC 
DL 
FD 
HT 
IB 
IC 
IS 
LD 
LR 
MD 
MS 
OT 
PD 
PS 
RE 
SD 
ss 
TD 
TN 

Definition 
Second Source 
Blank 
Blank Spike / Blank Spike Duplicate or (LCS/ LCSD) Precision 
Blank Spike/LCS 
Continuing Calibration Verification 
Dilution 
Field Duplicate 
Holding Time 
In-Between (metals - B's + j's ) 
Initial Calibration 
Internal Standard 
Lab Duplicate 
Concentration exceeded Linear Range 
MS/ MSD or LCS/LCSD Precision 
Matrix Spike/Matrix Spike Duplicate 
Other (see DV worksheet) 
Pesticide Degradation 
Post Spike 
Re-extrac tion/ Re-analysis 
Serial Dilution 
Spiked Surrogate 
Total vs. Dissolved 
Tune 



Table 1 - Chemical Analytical Methods - Field and Quality Control Samples - Organic 
Parameters 

TABLE 1 
Chemical Analytical Methods - Field and Quality Control Samples - Organic Parameters 
Charfestm Naval Complex, Zone F, AOC 613, Charleston, SC 



DATA WWTY EVALUATION SUMMARY 

TABLE 1 
Chemical Anatykal Methods - Field and Quality Control Samples - Organic Parameters 
Charlesfon Naval Complex, Zone F, AX 613, Charleston, SC 

63057 FU22GW002 U22GW002M2 63057001 

63057 FU22GW002 U22HW002M2 63057002 
- 
63057 FU22GW007 U22GW007M2 63057003 -- 
63057 FGELGWOI 1 GELGWOI I M2 63057004 

] 63057 1 FGELGWOI 2 I GELGW012M2 163057005 

63057 LABQC X 

63057 LABQC I200259246 
- - --- - - - " -- 

63058 FGELGW014 GELGW014M2 63058001 
--- . 

63058 LABQC 1200259245 
" -  -- 

1200259246 
-- 
0711 0/02 

-- - - - - 

63483003 



DATA QtMUTY EVAlUATION SlMWARY 

TABLE 1 
';hemica1 Analytical Methods - Field and Quality Control Samples - Organic Parameters 

,&harfesfan Naval Complex, Zone F, AOC 613, Charleston, SC 

64813 LABQC V8LKO1 LCS 1200279409 WQ BS X 

64813 LABQC 1200280582 1200280582 X 

64813 

64813 

64813 

WG N 1  1 10131102 X 

W G i  N 1 1013 1 102 X 
-- -- - -- - - - -- --- 

W G !  - N - - - - 
1 0131 I02 X 

W G '  N i x -- - -- - - , - - - -- - +. . 

WG I N 1 013 1/02 
-- - 

WG N 

WG 1 N 
3---- - ..&- "- 

I 

69740 'FIELDQC 69740008 WQ I TB 
I - - - - - - - - 

WG I N 10131 I02 
i 

WG N 
7-- - - 

WG I N 1013 1 102 
- - <  

i WG N 

FlELDQC 

F613GW010 

F613GW011 

613TWOlOM3 

64813 REUXX: 

64813001 

WQ 613EW010M3 

WQ 

X 

LB 

LB 

WQ 

WQ 

WQ 

EB 
- . 

64813004 

N 

N 

WG 613GWOlOM3 

08/05/02 

1200279408 

1200279408 

1200279409 

1 I 
64813 ILABQC 1 1200279408 

TB 

X 

X 

64813002 08/05/02 

08/05/02 

I 

613GW011M3 64813003 

BS 

VBLKOI 64813 

X 

X 

06M6M2 

WG 

1 x 1  
- 
64813 I~ABQC 1 1 200279409 

LABQC 

X 



DATA OUAUM EVALUATION SUMMARY 

TABLE I 
Chemical Analytical Methods - Field and Quality Contml Samples -Organic Parameters 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

I I I 1 I I i 

69740 tABaC 1200329381 1200329381 WQ BS X - 
69740 LABQC 1200331041 1200331041 WQ LB X 
--. -- r -  -. - 
69740 UBQC 1200331042 1200331042 WQ 3s X 

69740 /LAB(Y: 1 1200334379 1200334379 WQ LB 
, 

X 

69740 LABQC 1200334381 1200334381 WQ BD 
I I 

-- 

71 534 FU22GW007 U22GW007M3 71 534003 WG 
-- ---- 

71534 FU22GWMl IU22GWmlM3 '7153404 WG / .- 

71534 FU22GW002 i U22GW002M3 71534005 WG - -- 
71534 FU22GW003 1 U22GW003M3 71534006 WG 

- - - -- - -- - - - 
71534 FU22GW003 I U22HW003M3 71 534007 WG 

-2 < - 
71534 FU22GWOO4 I U22GW004M3 1 71534008 WG 

---A - - 
71534 FU22GWOOS I U22GWm5M3 ; 71534009 WG 
-- -- - -- - - - L  

71U4 p 2 2 ~ ~ 0 0 6  : UZ2GWOOBM3 ! 7j534010 
." ---- ---- 

71534 1 LABQC : 1 2003461 60 -- - - - . - - - A -- 

-- - - +-. -> - - - - - 
71 534 ! 12003461 62 

+------- 
; Jl?!E'61 



DATA QUAUTY TYALUAION SUMMARY 

TABLE 1 
Themical Analyttcal Methods - Fieki and Quality Controt Samples - Organic Parameters 

+vCharleston Naval Complex, Zone F, AOC 613, Charleston, SC 

51 17377'10 
- 

X 

' ~ 1 1 7 3 ~ 1 1  
- 

07/01 m2 
I - -. -- -- ".--I --- 
' 44769A2LB 

i 
- - - .L - 

X j _ ---J-. 1 t 
i / CNC124 LABQC 44769A3BS 

C -- 
N 07/0 1/02 

. - -L - 1 

FD 07/01 102 - -- - 

-- - 
N 07/01 /02 

i -- -- 
X 

T - --. -1 - .- -2 

/CNC125 FGELGWOll GELGWOllM2 ~S244769*4 1 WG I N ? 07/01 102 i 
4 

r ~ T c l 2 5  
- 

I CNC125 - 

-+ - - --*L.".+ ---- k 

FGELGWOl2 GELGWOlZM2 S244769.5 WG N 
-- - - -  -- 

j - < .- - 

F613GW009 613GW009M2 iS244759'6 1 WG N 
-- L - -  - I 

-+ ; 

i X 
w 

0710 1 I02 i 
- L  - 

1 X 
I 

07/0 1/02 I 
I 

X I 

- 



DATA QVAUTY EVALUATKlN S W Y  

TABLE 1 
Chemical Anaiyhl Methods - Field and Quality Control Samples -Organic Parameters 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

CNC125 LABQC 

CNC125 LABQC 

~ W G  - Groundwater 
IWQ -Water QC Sample 
/SAMPLE TYPE CODE 
I 

BS - Blank Spike (LCS) 
00 - Blank Spike Duplicate (LCSD) 
EB - Equipment Blank 
TB - Trip Blank 
/N - Native Sample 
iFD - Field Duplicate 
/LB - Laboratory Blank 
jLR -- Laboratory Replicate 
IMS - Matrix Spike 
]SD - Matrix Spike Duplicate 

:DL - Dilution 

ANALYSIS CODE 
I 

~VOC I-__ - Volatile Organic Cow_oung . -. -. 
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DATA QUALITY EVALUAllON SUMMARY 

Organic Parameters 

Quality Control Review 
The following list represents the QA/QC measures that were reviewed during the data 
quality evaluation procedure for organic data. 

Holding Times - The holding times are evaluated to venfy that samples were extracted 
and analyzed within holding times. 

Blank samples - Method blanks, equipment blanks, and trip blanks were provided for 
this project. Blank samples enable the reviewer to determine if an analyte may be 
attributed to sampling or laboratory procedures, rather than environmental 
contamination from site activities. 

Surrogate Recoveries - Surrogate Compounds are added to each sample and the 
recoveries are used to monitor lab performance and possible matrix interference. 

Lab Control Sample (LCS) - This sample is a "controlled matrix", either laboratory 
reagent water or Ottawa sand, in which target compounds have been added prior to 
extraction/analysis. The recoveries serve as a monitor of the overall performance of each 
step during the analysis, including sample preparation. 

Matrix SpikeIMatrix Spike Duplicate (MSIMSD) Samples - Spike recovery is used to 
evaluate potential matrix interferences, as well as accuracy. Precision information is also 
determined by calculating the reproducibility between the recoveries of each spiked 4 
parameter. 

Field Duplicate Samples - These samples are collected to determine precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

GUMS Tuning - The mass spectrum of the tuning compound is evaluated for method 
compliance. The criteria are established to verify the proper mass assignment and mass 
resolution. 

Initial Calibration -The initial calibration ensures that the instrument is capable of 
producing acceptable qualitative and quantitative data for the compounds of interest. 

Continuing Calibration - The continuing calibration checks satisfactory performance of 
the inshument and its predicted response to the target compounds. 

Internal Standards - The internal standards (retention time and response) are evaluated 
for method compliance. The internal standards are used in quantitation of the target 
parameters and monitor the instrument sensitivity and response for stability during 
each analysis. 



DATA WAUrY EVALUATDN SUMMARY 

Volatile Organic Compounds (VOC) Analyses 
r.. The QA/QC parameters for VOC analyses for all of the samples were within acceptable 

control limits, except as noted below: 

Blanks 
The VOC target parameters detected in blank samples are listed in 

TABLE 3 
Blank Contamination: VOCs 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

If a target parameter determined to be a common contaminant was reported in a field 
sample, and the concentration was below the level determined to be due to blank 
contamination, the following actions were taken: 

171534 /~22EW001~3 

L C 1 8  I ~ 22~MW0112 

If the concentration was above the reporting limit, the numeric result was unchanged, 
but it was flagged "U", as undetected. 
If the concentration was below the reporting limit, the numeric result was changed to 
the value of the reporting limit, and it was flagged "U", as undetected. 

The results qualified due to blank contamination are listed in 

71534001 EB Toluene 
- ." .- 

Recoveries - Surrogate, M W S D  and LCS 
All Surrogate, Matrix Spike (MS), Matrix Spike Duplicate (MSD), and Laboratory Control 
Sample (LCS) recoveries were within acceptable quality control limits, except as noted in 
qmT below. 

0.48 

S111230*11 EB IAcetone 29 pglL , 290 Clg/L 

pgJL 2.4 CIS/L 



DATA QUALITY EVALUATION SUMMARY 

TABLE 4 
Surrogate, MSIMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone F, AOC; 613, Charleston, SC 

61 3GW004M2 Dibromofluoromethane 72' 80-120 613GWW4M2 I Detects-J, non- 
(surrogate) detects-UJ 

Toluene-d8 (surrogate) 76' 88-1 10 -.", 
Bromofluorobenzene 75* 86-1 15 
(surrogate) - r 1 ;;: 1 ;;:3;; 1 U22GWOOZM2 

I3eteck-J. non- U22GW002M2 Dibromofluoromethane 
(surrogate) detects-UJ 

I 
I 

Toluene-d8 (surrogate) 

Bromofluorobenzene 
(surrogate) 

- - - - - - - 

(surrogate) 

Toluene-& (surrogate) 1 76* 1 88-1 10 ! 

Bromofluorobenzene 
(surrogate) A*- - 
Dibromofluoromethane 
(surrogate) detects-UJ 

I -.- - 

Toluene-d8 (surrogate) 
- -  --.--, 

Bromofluorobenzene 
(surrogate) I 

-----LA -- i - . -- - -- - 

Dibromofluoromethane 80-120 GELGWOI 1 M2 Detects-J, non- 1 detects-UJ 
LA- 

- - 

Toluene-d8 (surrogate) 88-1 I 0  
-- - . 

I 
1 I 

Bromofluorobenzene 1 86-115 t 
(surrogate) --- i 

I_t 

Dibromofluoromethane ' 80-120 1 
(surrogate) I i I detects-UJ 

78' 

Bromofluorobenzene 79* 
(surrogate) 
- - - - - . - - - -- -- 

Dibromofluoromethane 71* 
(surrogate) 

- -* 

Toluene-d8 (surrogate) 
- - 

80-120 : 613GW009M2 ' Detects-J, non- 1 
I / detects-UJ 
I -- 

88-1 10 r 
- - -- -I 



DATA QUALITY EVMUATDN S W A R Y  

TABLE 4 
Surrogate, MSIMSD, and LCS Recoveries Out of QC Limits: VOC 

+* Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

1 613GWOO9M2 1 Bromofiuorobenzene 1 ;: 1 
(surrogate) 

613EW004M2 Dibromofluoromethane 
(surrogate) 

Toluene-d8 (surrogate) 77' 

Bromofluorobenzene 78' 
(surrogate) 

I I I - - -- -- - 

63057 6 t 3TW004M2 Dibromofluoromethane 74' 80-1 20 61 3TWOO4M2 
(surrogate) 

Toluene-d8 (surrogate) 77" 88-110 1 
I 

Brornofluorobenzene 80* 86-115 1 
(surrogate) I 

63058 GELOW01 70' 80-120 / GELGW014M2 

i i 
74' 88-110 j t--- / Bromofluombenzene 73* 1 8 6 - 1 1 5 1  

(surrogate) 
-- -- 

U22GW001 M5 I Toluene-d8 (surrogate) 81. , 88-1 10 / U22GWOO1 M5 

F o f G i b e n r e n e  ; 84' 
i 

j (surrogate) 
--- - - - -- - - ^ 1 _ - 1 -  - - ^_ 

' - out of control limits 
I 

DetectsJ, non- 
detects- U J 

No Flags 
Applied (field 
blank) 

i 

No Flags 
Applied (field 
blank) 

Detects-J, non- 
detects-UJ 

Dete*sJ, non- 1 
detects-UJ j 

Initial and Continuing Calibration Criteria 

All initial calibration criteria and continuing calibration criteria were met, except as listed in 

TABLE 5 
Exceptions to Initial Calibration Criteria and Continuing Calibration Criteria: VOC 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

I 

MSA5973-ICAL-05/24/01, 1 1848 
/ 15.2SbRSD 

t 
Bromomethane I 

I I 
CNC18 - AII 1 

I -" I ! --  - .- . - 1 1- -- - _ /  



DATA WAtrrY EVALUATlON S W A R Y  

Flags were applied to the compounds in the associated samples in the following manner: 

w*$> 
When the percent Relative Standard Deviation (%RSD) or correlation coefficient (R2) was 
out in the initial calibration, all associated samples were qualified. Detected compounds 
were flagged "J" and non-detected compounds were flagged "UJ", as estimated. 

Dissolved Gasses Analyses 
The QA/QC parameters for the Dissolved Gasses analyses for all of the samples were 
within acceptable control limits, except as noted below. 

Blanks 
The Dissolved Gasses target parameters detected in blank samples are listed in 

TABLE 6 
Blank Contamination: Dissolved Gasses 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

If a target parameter determined to be a common contaminant was reported in a field 
sample, and the concentration was below the level determined to be due to blank 
contamination, the following actions were taken: 

If the concenkation was above the reporting limit, the numeric result was unchanged, 
but it was flagged "U", as undetected. 
If the concentration was below the reporting limit, the numeric result was changed to 
the value of the reporting limit, and it was flagged "U", as undetected. 

The results qualified due to blank contamination are listed in 1. 

Initial and Continuing Calibration Criteria 

All initial calibration criteria and continuing calibration criteria were met, except as listed in 



DATA QUAUTV EVALUATION SUMMARY 

TABLE 7 
Exceptions to Initial Calbration Criteria and Continuing Calibration Criteria: Dissolved Gasses 

-:- Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

VMTFID1-ICAL-06/12102, I Methane 1 1014 

CNC125 - All 

R~ =0.981 I CNC124-A'l I 
VMTFID1-lCAL-06/12102, Methane 

CNC138 - Alf 

FI2 d.986 

-- 

Fiags were applied to the compounds in the associated samples in the following manner: 

1 1131 
I 

When the percent Relative Standard Deviation (%RSD) or correlation coefficient (R*) was 
out in the initial calibration, all associated samples were qualified. Detected compounds 
were flagged "J" and non-detected compounds were flagged WJ", as estimated. 



DATA QUAUrY EVALUAlWN SUMMARY 

Inorganic Parameters 

Quality Contro t Review 
The following list represents the QA/QC measures that are typically reviewed during the 
data quality evaluation procedure for inorganic parameters. 

Holding Times - The holding times are evaluated to venfy that samples were extracted 
and analyzed within holding times. 

Blank samples - Sample preparation, initial calibration blanks/continuing calibration 
blanks, and equipment blanks were provided for this project. B h k  samples enable We 
reviewer to determine if an analyte may be attributed to sampling or laboratory 
procedures, rather than environmental contamination from site activities. 

Lab Control Sample (LCS) - This sample is a "controlled matrix", in which target 
parameters have been added prior to digestion/analysis. The recoveries serve as a 
monitor of the overall performance of each step during the analysis, including sample 
preparation. 

Field Duplicate Samples -These samples are collected to determine precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

PreIPost Digestion Spike (MSIMSD) - Spike recovery is used to evaluate potential 
matrix interferences, as well as accuracy. Precision information is also determined by 
calculating the reproducibility between the recoveries of each spiked parameter. 

ICP Interference Check Sample - This sample verifies the lab's interelement and 
background correction factors. 

Initial Calibration Verification - This parameter ensures that the instrument is capable 
of producing acceptable quantitative data for the target analyte list to be measured. 

Continuing Calibration Verification - This one-point, mid-range parameter establishes 
that the initial calibration is stiU valid by checking the performance of the instrument on 
a continual basis. 

ICP Serial Dilution - The serial dilution of samples quantitated by ICP determines 
whether or not significant physical or chemical interferences exist due to the sample 
matrix. 



DATA QUALITY EVALUATION SUMMARY 

Metals Analyses 
-*Y 

The QA/QC parameters for the Metals analyses for all of the samples were within 
acceptable control limits, except as noted below. 

Blanks 
The Metals target parameters detected in blank samples are listed in 

TABLE 8 
Blank Contamination: Metals 
Chatieston Naval Complex, Zone F, AOC; 613, Charlesfon, SC 

I I I "- 1 

l ron 17.1 
-- . . - - A - - -- 85.5 ug/L 

I 1 

If a target parameter was reported in a field sample, and the concentration was below the 
level determined to be due to Mark contamination (5 times the concentration in the 
associated QC blank samples), it was flagged as "U", not detected. Initial and conthuing 
calibration blanks were also evaluated for possible contamination. 

No results were qualified due to blank contamination. 

General Chemistry Analyses 
The QA/QC parameters for the General Chemistry analyses for all of the samples were 
within acceptable control Limits, except as noted below. 

The Ferrous Iron result for sample U22HW002M2 (63057002) was just above the highest 
calibration point. Due to laboratory error, the over-range sample was thought to be a lab 
QC sample and was not rerun. When the lab realized that the sample was actually a 
field sample, it was too late to rerun the sample. The sample value was reported and 
qualified, "J". 



DATA O U W  €VALUATION SUMMARY 

The Ferrous Iron samples in SDG 69740 were unpresewed when they were received by 
the lab. They were preserved by the analyst prior to analysis. Samples were preserved a'% 
between 3-9 hours after collection. Since ferrous iron quickly oxidizes to ferric iron if not 
preserved, all sample results were qualified. (detects: J, non-detects: UJ) 

Holding Times 
All samples in SDG's 63056 and 63057 were logged in by the laboratory past the 24 hour 
holding time for Ferrous Iron. All samples were analyzed within 3 days of collection. 
Ail samples were qualified for holding time. (detects: J, non-detects: UJ) 

All samples in SDG CNC18 were received by the lab past the 48 hour holding time for 
Nitrate. All samples were analyzed within 8 days of collection. All samples were 
qualified for holding Lime. (detects: J, non-detects: UJ) 

Blanks 
The General Chemistry target parameters detected in blank samples are listed in 

TABLE 9 
Blank Contamination: General Chemistry 
Charleston Naval Complex, Zone F, AOC 613, Chadeston, SC 

'63057007 1 6 1 3 ~ ~ 0 0 4 ~ 2  /EB p r i d e  --/2!l lm@ 1121 mglL 
---f------- 

I I I l~errous iron 10.063 /rngll 10.31 5 mg/L 1 
-L- . - - &...-- 

Alkalinity 
- -- - - 

63057007 61 3EWOWM2 

/E8 

i 
- -- LA A- - - 4-- 

Chloride 

44.6 

l Ferrous iron 10.179 
. . - -  I jFerrOuS iron ..4 j0.179 - -  



DATA QUALITY NALUATKM SUMMARY 

If a target parameter was reported in a field sample, and the concentration was below the 
level determined to be due to blank contamination (5 times the concentration in the 
associated QC blank samples), it was flagged as "U", not detected. Initial and continuing 
calibration blanks were also evaluated for possible contamination. 

The results quawed due to blank contamination are listed in 

Field Duplicate Samples 
All Field Duplicate Samples were within acceptable quality control limits, except as noted in 

below. No flags are applied due to Field Duplicate precision. 

TABLE 10 
Field Duplicate RPDs Out of QC Limits: General Chemistry 
Charleston Naval Complex, , Zone F, AOC 613, Charleston, SC 

1 63057 i U22GW002M2 / i Ferrous iron 1 20.3 mgll  1 2.82 mglL I 151.T 1 20 1 
U22HW002M2 

Ferrous iron 0.875 mglL 1.22 mg/t I 32.9* 

- - - - , - - - - -- 
/ ' - OUI of eodrol limits 
L1_ . - -- - - --_- - -- - - - - - -- I 

J 

Recoveries - Matrix SpikdMatrix Spike Duplicate (MSIMSD) and Laboratory 
Control Sample (LCS) 
All Matrix Spike (MS), Matrix Spike Duplicate (MSD) and Laboratory Contr 
recoveries were within acceptable quality control limits, except as noted in 

TABLE 11 
MSMSD Recoveries Out of QC timits: General Chemistry 
Charleston Naval Complex, Zone F, AOC 613, Charleston, SC 

1 51883 1 U22GWW4L2 MS Alkalinity 

_ -  

~ ~ : * G W C Q ~ M )  MS I Ferrous icon 80- I 20 6 9 7 ~ ~ E ~ ~ n , -  - 

I - -- I-- 

* - out of control limits 
- -  - -- - - - - -p - - - - 



DATA QUALITY EVALUATION SUMMARY 

Rejected Data 
All of the rejected data listed in were associated with re-runs and dilutions 

(There can only be a single valid result per parameter per sample). No other data was 

rejected such that there is not a valid result for that parameter in each sample. 

Conclusion 
A review of the analytical data submitted regarding the investigation of Zone F, AOC 613 at 

the Charleston Naval Complex, Charleston, South Carolina by CH2M HILL has been 

completed. An overall evaluation of the data indicates that the sample handling, shipment, 

and analytical procedures have been adequately completed, and that the analytical results 

should be considered usable as qualified. 

The analytical data had minor QC concerns as indicated above, however, it did not affect 

data usability for those specific results. The validation review demonstrated that the 

analytical systems were generally in control and the data results can be used in the decision 

making process. 
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Page 1 

Charleston Naval Complex 

Corrective Measures Study 
Base Year: 2003 

01 11 a03 

Alternative Number 1 Alternative Number 2 
Monbrlngl 

Natural Attenuation ln-Sltu Blo Sparglng 

2 

$1 2,300 $127,000 
$5,900 $5,900 

$39,000 $138.000 

Disclaimer: The infarmation in hi$ mt estimate is based on the best ava~lable information regarding the anticipated 



Alternative 1 : Monitoringlffatural Attenuation COST ESTIMATE SUMMARY 

Site: Charleston Naval Complex Description: 
M i o n :  AOC 613 Monitorindnatural attenuation of the surficial aquifer. 
Phase: Corrective Measures Study 
Base Year: 2002 
Date: 01 102103 

CAPITAL COSTS 
UNlT 

DESCRIPTION QTY UNIT COST TOTAL 

MonitoringNatural Attenuation Work Plan 
Groundwater Contingency Plan 

Labor - Project Manager 12 HR $1 25 $1,500 
Labor - Engineermydrogeologist 40 HR $90 $3,600 
Labor - Editor 16 HR $65 $1,040 
Labor - CAD Technician 16 HR $65 $1,040 

Initial Groundwater Sample Collection 1 EA $2,547 $2,547 
SUBTOTAL $9,727 

Project Management 5% o i  $9,727 
Technical Support 5% of $9,727 
SUBTOTAL $10,700 

Contingency f 5% of $1 0,700 $1,605 

TOTAL CAPITAL COST [ $12,300 

OPERATlONS AND MAINTENANCE COST 
UNlT 

DESCRIPTION QTY UNIT COST TOTAL 

yrs 1 - 5 Annual Groundwater Sample Collection 1 EA $2,547 $2,547 

Annual Report 
Labor - Project Manager 6 HR $1 25 $750 
Labor - EngineerfHydrogeologist 16 HR $90 $1,440 
Labor - Editor 6 HR $65 $390 
Labor - CAD Technician 12 HR $65 $780 

SUBTOTAL $3,360 

yrs 1 - 5 TOTAL ANNUAL OBM COST I $5,900 

PRESENT VALUE ANALYSIS Discount Rate = 3.2% 
TOTAL 

TOTAL COST PER PRESENT 

End Year COST TYPE COST YEAR WORTH 

1 FIRST YEAR CAPITAL COST $12,300 $1 2,300 $12.300 
1 - 5  ANNUAL O&M COST (Year 1 - 5) $29,500 $5.900 $26.867 

$39,167 

TOTAL PRESENT WORTH OF ALTERNATIVE r $39,000 

SOURCE INFORMATION 

1. United States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates 
During the Feasibil~ty Study. EPA 540-R-00-002. (USEPA, 2000). 
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.. 
Akematlve 2: In Situ 8io Sparging COST ESTIMATE SUMMARY 

Site: Charleston Naval Complex Description: Air sparging pilot test and monitoring 
Location: AOC 613 Assume remediation to MCSs after pilot test 
Phase: Corrective Measures Study 
Base Year: 2003 
Oats: 01 /lo103 

CAPITAL COSTS UNIT' 
DESCRIPTION QTY UNIT COST TOTAL 

Bio Sparge Pilot Test 1 EA $1 12.200 $1 12.200 
SUBTOTAL $1 12,200 

Baseline Groundwater Sample Collectiotl 1 EA $2,547 $2,547 
Groundwater Sample during pilot test 2 E A $2,547 $5,094 

SUBTOTAL $7,641 

B i i  Sparge Summary Report 
Labor - Project Manager 12 HR $1 25 $1.500 
Labor - EngineerMydrogeologist 32 HR $90 $2,880 
Labor - Editor 12 HR $65 $780 
labor - CAD Technician 24 HR $65 $1,580 

SUBTOTAL $6,720 

TOTAL CAPITAL COST $1 27,000 

OPERATIONS AND MAINTENANCE COST - Monitoring 
UNlT 

DESCRIPTION QTY UNIT COST TOTAL 

yrs 1 - 2 annual Groundwater Sample Collection 1 E A $2,547 $2,547 

Annual Report 
Labor - Project Manager 6 H R $1 25 $750 
Labor - EngineerNydrogeologist 16 H R $90 $1,440 
Labor - Editor 6 H R $65 $390 
tabor - CAD Technician 12 H R $65 $780 

SUBTOTAL - Annual Report $3,360 

yrs 1 - 2 TOTAL ANNUAL O&M COST 1 $5,900 

PRESENT VALUE ANALYSIS Discount Rate = 3.2% 

TOTAL 
TOTAL COST PRESENT 

End Year COST TYPE TOTAL COST PER YEAR VALUE 

I FIRST YEAR CAPITAL COST $127,000 $127,000 $127,000 
1 - 2  ANNUAL O&M COST (Year 1 - 2) $1 1,800 $5,900 $1 1,257 

TOTAL PRESENT WORTH OF ALTERNATIVE I $1 38,000 

SOURCE INFORMATION 

1. United States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates 
During the Feasibility Study. EPA 540-R-00-002. (USEPA, 2000). 
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